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Curry's (1983) model of learning style framework with 
Claxton & Murrell's (1987) adaptations was used to study the 
profile of the non-major in a college biology course. The 
purpose of the study was to provide empirically derived data 
in both a qualitative and quantitative format of the non-
major (both successful and unsuccessful students) to improve 
the course. Over 600 students were administered the Learning 
Style Profile [(LSP) (National Association of Secondary 
School Principals) 
Indicator (MBTI) 
(NASSP) and the Myers-Briggs Type 
(Consulting Psychologists Press)] to 
determine the students' learning styles as a predictor for 
SUccess in the course. The MBTI data were compared to 
published (McCaulley, 1977) profiles of other populations: 
biology majors, science majors and biologists. using a logit 
mOdel, Introversion (I) and spatial ability predict success 
with a probability of 0.67 (p<.0005). The profile of the 
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male non-major in biology which is most different from male 
science majors, by MBTI profile, is ESFP (Extroverted, 
Sensing, Feeling, and perceiving) (p<.OOl). ESFPS and ENTPs 
occur more frequently among unsuccessful students (p<.OOl). 
ISTJs (p<.05) and ISFPs (p<.Ol) occur more frequently among 
successful students. INTJs and INFPs are more numerous among 
both biology maj ors and biologists than among non-maj ors. 
Students who are most likely to score below 60% on the 
computer-managed testing system are E_P (Extroverted and 
Perceiving) (p<.OOl). The only LSP subscale which showed a 
difference between students sho were successful and those who 
were not was spatial ability (p<. 01) . A three-factor 
interaction (p<. 05) was observed when amount of analytic 
skill, question type (low, high, and image), and correct vs 
incorrect answers were submitted to an ANOVA on 96 students 
and six questions. Items which measure analytic ability were 
classified as spatial ability items. A 9 factor varimax 
rotation factor analysis for the LSP established the six item 
analytic scale. Canonical correlation shows that the LSP and 
the MBTI are related at a level of 0.5 for the first 
canonical variate, with verbal risk contributing most to the 
relationship between the LSP and the MBTI, with an explained 
variance of 24%. Recommendations for course improvement, 
following the McComb (1985) Instructional Systems Design 
(ISD) model include providing: opportunities for discussion, 
for "hands-on" experiences to concretize abstract concepts 
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which may require spatial ability, less reliance on recall 
of memorized information, less than 92% of the course 
evaluation on the computer (multiple choice items). other 
recommendations include providing remediation in some skills, 
such as analytic and spatial. 
Dedicated to the people who taught me most 
about the thing that matters most: 
Hewitt C. Gehres 
and 
My children, Nathan and Kelly 
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IMPORTANCE OF THE STUDY 
CHAPTER I 
INTRODUCTION 
For many years, science educators have desired the 
development of a scientifically literate populace (Fensham, 
1987; Flannery, 1987; Gabel, 1976; Hurd, 1986; Walberg, 1983; 
Yager, 1986). However, there is doubt that the united 
states has the ability to meet the needs of producing a 
general work force possessing basic knowledge and skills in 
the sciences and mathematics (Bloch, 1987). 
The magnitude of the problem was indicated by Jon 
Miller, who reported at the 1989 meeting of the American 
Association for the Advancement of Science (AAAS) that only 
6% of U.S. adults possess the level of understanding of 
science and technology needed to function minimally as 
citizens and consumers. According to Miller, only one in 18 
adults has enough vocabulary and understanding of scientific 
concepts to make informed decisions on such issues as nuclear 
power and genetic engineering. He continued with " ... it is 
the college science experience that makes a difference ... " 
in adult scientific literacy (p. 21). It is therefore 
1 
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imperative that such courses serve their populations effec-
tively and efficiently. 
All students do not go to college. Of those who do, not 
all major in science. However, as a part of their basic 
education as an undergraduate, students are required to elect 
a science course. 
Improving college science courses for the non-major 
could result in better prepared teachers and better precol-
lege education. Bloch (1987) and Gardner (1985) both call 
on college teachers to take the lead in improving science 
education at the pre-college level, but neither of them say 
how that is to be done. Teachers at the pre- college level 
are dependent on college science teachers for their under-
standing of science. Elementary and middle school teachers 
may take classes in the non-major sections in science during 
their undergraduate years. Therefore, improvements in the 
courses for non-majors would directly affect this population, 
who will in turn encourage future scientists. Thus, indirect-
ly, improvement in courses for the non-major will affect 
graduate school education in the sciences. Bloch suggests 
that current reward systems are at fault: there are no 
rewards in academic science for spending time improving 
undergraduate non-major courses. 
Anything that scientists can do to improve instruction 
for the non-major in science would be a great step towards 
improving science education. Improvement in the courses for 
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the non-major could improve literacy for large numbers of 
citizens. (Chapter two includes a review of undergraduate 
courses for the non-major in biology.) 
Westheimer (1987) writes that, though scientists do not 
really want to teach the "unwashed" (meaning the non-major), 
special courses in science for non-majors probably are 
needed. He writes about the invention and reinvention of 
many of these courses for non-majors in biology across the 
country; such courses are difficult to.design and frequently 
fail in their purpose. Westheimer speaks eloquently of the 
need for the individuals who populate these courses to learn 
some sUbstantive science - the legislators, the educators, 
the lawyers and judges, and the business executives of the 
future in America. 
Yet there is evidence that courses in science for the 
non-science major may not be meeting the needs of their 
students. The evidence is fragmented; however, indicators 
of segments of possible problems are stated by Robb ("G E's 
Walter Robb," 1989). Robb says that improvement in under-
graduate courses for all students is needed, because even at 
the sophomore level, students continue to drop out of science 
as a major, even though they have come that far and still 
have an interest in chemistry or another scientific dis-
cipline. Perhaps knowing more about the students in a 
college science course can help instructors meet student 
4 
needs and thus improve achievement (Carrier & Jonassen, 
1988) . 
STATEMENT OF PURPOSE 
The purpose of the study was to gather data on learning 
styles of students enrolled in a biology course for non-
majors for possible redesign and improvement of the course. 
DEFINITIONS OF TERMS 
Biology 110 - a one quarter biology course for non-major 
undergraduate student.s. The course descriptions can be 
observed in Appendices A-E. An acronym (NMBC) for the course 
has been developed and will be used throughout the disserta-
tion. (See non-majors biology course.) 
Cognitive process - something that the learner does that 
has traditionally been called "thinking." A cognitive process 
is something the learner does with information after it is 
presented. Examples include sequential processing, categori-
zation, memory, etc. 
Cognitive science - the interdisciplinary study of how 
people acquire and process information and how the human mind 
represents information. 
Cognitive style that part of the learning style 
paradigm which constitutes cognitive process activity. 
5 
Learning style - the National Association for secondary 
School Principals (NASSP) Task Force has defined learning 
style as "the composite of characteristic cognitive, affec-
tive, and physiological factors that serve as relatively 
stable indicators of how a learner perceives, interacts with, 
and responds to the learning environment:." (Keefe et al., 
1936). Learning style is measured in this study by both the 
Learning S~yle Profile (LSP) and the Myers-Briggs Type 
Indicator (MBTI). 
Metacognition - cognition about cognition; thinking 
about thinking, or in the case of metal earning - learning 
about learning. 
Myers-Briggs Type Indicator (MBTI) - an instrument to 
describe a person's personality, based on the psychological 
type theory of Jung. 
Non-major biology course (NMBC) - See Biology 110. 
Perceptual modality - see sensory modality. 
Psychological type - a term defined by Carl Jung (1921) 
which describes fundamental differences among individuals. 
In this study the term is used synonymously with personality 
and is measured by the MBTI. 
Sensory modality - also called perceptual modality. A 
first hand preference expressed by a learner for instruc-
6 
tional delivery, across domains of learning. It is not 
usually content specific, as in "biology perceptual 
modality," but is a generic type of descriptor, used by an 
individual, to describe preference for learning - either 
visually, auditorially, emotively, or bodily- kinesthetical-
ly. 
PROBLEM STATEMENT 
The literature on scientific literacy contains great 
emphasis on knowledge for personal use, such as environmental 
problems, societal issues( e.g. genetic engineering), and use 
of nuclear power. However, biology courses for non-majors 
often emphasize accumulation of biological facts, rather than 
scientific literacy outcomes. These courses often provide 
a stringently defined delivery format with a single type of 
assessment measure (i. e., multiple choice questions del i vered 
by the computer). 
The problem for scientists who design courses for non-
science majors is that the biologists generally do not have 
data which quantitatively define the non-biology majors. 
Furthermore, the biologists who design the courses do not 
have data which qualitatively describe a learning environment 
that would promote scientific literacy. Therefore, the focus 
of the study was to provide data related to learning style, 
and learning environments which could suggest changes in the 
courses to more appropriately provide for the non-major. 
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BACKGROUND OF THE PROJECT 
An extensive needs analysis was begun at a major mid-
western university in late 1986 to evaluate the introductory 
non-major biology course (NMBC). in terms of where revi-
sion/improvement efforts should be directed. The course had 
apparently not been evaluated since its inception in 1969. 
The instructional design model of business and industry has 
been followed in planning for implementation of modern 
instructional technologies (Coldeway and Coldeway. 1987; 
Dodge, 1987; Kearsley, 1984; Mager, 1984). These models 
utilize learner characteristics to design modular instruction 
for training. 
INSTRUCTIONAL SYSTEMS DESIGN 
If the NMBC course is seen as an instructional system 
to be redesigned, there are well established models to 
follow. A review by McCombs (1986) describes the model used 
by business and industry as instructional systems design 
(ISD) and lists its many steps for successful instructional 
program design. The generic steps for ISD are: 
-needs assessment 
-specification of broad goals and detailed objectives of 
learning outcomes 
-development of criterion-referenced tests for assessing 
goals and objectives 
-analysis of goals and objectives to determine types and 
sequencing of skills 
-analysis of learner characteristics 
8 
-specification of instructional strategies based on task and 
.learner analysis 
-selection of media to implement strategies 
-development of courseware based on strategies and media 
selected 
-formative evaluation and revision of materials 
-installation and maintenance of programs 
McCombs (1986) states that early examples of the ISO 
model are self-paced or individualized instruction, usually 
in the form of programmed texts. She states that more 
cognitively oriented approaches to steps in the ISO model 
have now evolved. She states that while behaviorism and the 
focus on outer behaviors formed the earlier theory of ISO, 
current theories of learning have evolved away from the 
external behavioral focus to a focus on internal perceptions, 
cogni tions, and motivations. These internal foci compose the 
cognitively oriented approaches in today's ISO. 
Dick argues, in McCombs (1986), that the most difficult 
phase of the ISO model is the "front end analysis"; that is, 
the analysis which includes learner characteristics, task 
analysis, heirarchical analysis, and job analysis. Dick 
continues, 
... there is growing recognition that, first, 
the analysis of instructional requirements must 
include an understanding of ·the role of the learner 
and the teacher in the overall learning process. 
Second, the analysis process must include an under-
standing of how knowledge is organized in students I 
minds and the role of knowledge in different stages 
of learning. Third, analysis procedures must 
include a total systems perspective, wherein not 
only learning tasks and learner characteristics are 
analyzed, but where learning environments and 
social contexts are analyzed as well. (p.72) 
9 
This study utilized portions of the ISD approach - the 
analysis of the learning characteristics of the non-major. 
It also examined the learning environments and social 
contexts in the sense of describing the sites of the learning 
events and the preferences stated by the students for 
learning. Learning style measurements of fundamental 
perceptions and motivation were also obtained. 
carrier & Jonassen (1988) write that: 
Instructional designers, like other educators, 
profess the importance of attending to the charac-
teristics of the learners. The Andrews & Goodson 
(1980) review of some forty instructional design 
models revealed that most advocate some form of 
target population analysis. For the most part, 
however, individual models do not present a strong 
rationale for assessing particular learner charac-
teristics, nor do they prescribe how this informa-
tion, once gained, might be used by designers of 
instructional products. Some models advocate the 
collection of information about general character-
istics such as general ability or attitudes, while 
many recommend that prior knowledge be assessed. 
Guidance on how to incorporate knowledge about 
learners is typically sparse and often a statement 
of the obvious. (p.73) 
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Carrier & Jonassen continue with the rationale for the 
importance of pursuing identification of learner characteris-
tics because of microcomputing technologies, 
Increasingly, microcomputer environments are 
becoming multimodal. That is, they can present 
information in multiple channels, including audi-
tory, visual, and tactile. . The first problem 
is our incomplete understanding of the learner .• 
Second, knowing how learner characteristics 
interact with instructional treatments provides the 
basis for prescribing adaptive treatments. 
Third, we need to provide empirically verified 
prescriptions about (or a model for) how to design 
instructional treatments that accommodate in-
dividual differences. (p. 73, 1988) 
Claxton & Murrell (1987) write that, in higher educa-
tion, an important question to be asked of any instructional 
strategy is whether that effort is consistent with the 
learning styles of the students concerned. Consistent with 
1.) the importance in instructional design to match new 
technology capability and 2.) the cognitive science emphasis 
in science education, the need to gather learning style data 
became apparent as a part of the needs analysis for the NMBC. 
Although there was a large amount of literature available 
on pre-college education regarding learning style, it was not 
until 1987 that support of this approach in higher education 
was evident through the work of Claxton & Murrell. 
In the case of the NMBC, learner characteristics in the 
form of learning style variables have been identified and 
students' performance in the course has been correlated with 
their learning styles. These data are available to form the 
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baseline for experimental studies when, or if, new teaching 
formats are implemented. 
COGNITIVE SCIENCE OR COGNITIVE PROCESS APPROACH 
The learning style approach is emerging from cognitive 
process identification in learners (Henson, 19C4). In 
contrast to Piaget (1972), who discussed developmental levels 
as prerequisites for curriculum design, and to the behavior-
ist tradition of B.F. Skinner, this study uses the cognitive 
science approach. 
Champagne & Hornig (1987) state that there are two forms 
of cognitive science: information processing and construc-
tivism. The information processing approach is older and 
passive, similar to comparing a learner's brain to a computer 
in which data are manipulated. In the information processing 
approach, the emphasis is on the things going into the 
learner's brain, the "input" and on the things coming out of 
the learner's brain, the "output." The constructivists 
focus on what happens inside the learner after information 
is "input," rather than on the actual structure of the 
"input" or analysis of the "output." Constructivists seek 
to actively engage the learner in meaningful learning. The 
constructivists direct attention to the step between input 
and output of information, the "cognitive process." diSessa 
and Ploger (1987) write that the cognitive approach to 
science education is a rather recent event and that truly 
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useful interactions between cognition and science education 
have occurred for less than ten years. 
The constructivists focus on the condition within the 
learner, which involves several concepts, one of which is 
metacognition. Another is prior knowledge, but since this 
study did not assess prior knowledge as a condition for 
current achievement, only the metacognitive aspects of 
constructivism will be discussed. While Ausubelian theory 
stresses prior knowledge as a prerequisite for meaningful 
learning, learning style theorists suggest that an equally 
valid prerequisite for learning to occur, meaningful or rote, 
is a learner's preference for learning conditions (Keefe, 
1988, & Dunn, 1984), which could be called "prior 
preference." These "prior preferences" could be in the way 
the learner prefers information to be presented, or could be 
preferences in the social and environmental milieu of the 
class situation. 
The NMBC was built on the behaviorist tradition of B. 
F. Skinner, whose technology of teaching drove programmed 
instruction. The NMBC utilizes a form of modularized 
programmed instruction known as the aUdiotutorial approach 
developed by Postlethwaite (Postlethwaite, Novak, 
& Murray, 1972). Behavioral objectives are the foci for 
learning. The NMBC has very little variation on the one 
recall of information presented on an audiotape. 
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RELATED LITERATURE 
Douglass (1979) has shown that students' achievement in 
three units (genetics, evolution, and mitosis) within a high 
school biology course was significantly higher when instruc-
tion was presented in each student's preferred learning 
style. Reviews by Claxton & Hurrell (1987) and Dunn (1980 and 
1984) on pre-college learning style are replete with examples 
indicating that when instruction is matched to learners' 
preferred learning modes, motivation, and achievement in-
crease. 
Designing instruction at the college level based on 
learning style profiles has rarely been done and never for 
an entire course. While previous studies have examined up to 
1200 post high school vocational students (Gable, 1986), a 
college population such as students in a NMBC has not been 
so characterized. However, some data exist on the learning 
preferences of college students by the personality component 
of learning style. Roberts (1982) surveyed community college 
first quarter freshmen to determine their most and least 
preferred instructional methods. Roberts found that the 
majority of students (14 out of 16 personality types clas-
sified by the Myers-Briggs Type Indicator) least preferred 
aUdio instruction when given these choices: audio, demonstr-
ations, diagrams, discussions, field trips, labs, lectures, 
motion pictures, pictures/slides, programmed instruction, 
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readings, small group work,. symbols, and tutorials (Table 
1) • 
Tobias (1982) has stated that instructional strategies 
and methods do not make a difference in student learning; 
rather it is the macroprocesses, or cognitive processes 
engaged by the instruction, which make a difference. fhe says 
that when one instructional strategy is demonstrated to make 
a difference, it is not because of the different strategy, 
but because it engages a specific cognitive process. More-
over, when two or more instructional strategies are shown to 
be equal in student achievement, it is probably because the 
two strategies engage the same cognitive process. In order 
to determine if Tobias's claim is correct, two things must 
be done. One is to measure student cogni ti ve processes; 
another is to analyze cognitive processes required for 
achievement and compare those elements. Both were attempted 
in this study. 
THE LEARNING STYLE PROFILE 
The Learning Style Profile measures learning style in 
three domains: cognitive, affective, and physiological/envi-
ronmental. It was the only instrument found by this 
researcher that attempted to measure cognitive processes in 
addition to affective and physiological/environmental prefer-
ences, all of which are described by Keefe (in Henson, 1984) 
as important dimensions of learning style. An amplification 
TABLE 1.1 
MOST PREFERRED AND LEAST PREFERRED MEDIA 
OF EACH PERSONALITY TYPE AMONG 
335 FIRST-TERM COMMUNITY COLLEGE FRESHMEN 
ISTJ 
N-Z716.1=) 
Lab, 
Demons t ra-
t lonl 
Lectul'es 
Audio 
ISTP 
N-I~ (~.2~) 
Oemonstra-
t Ions 
Labs 
Audi.o 
Discuseions 
ESTP 
N-19(5.7t) 
Oemonstra" 
tlons 
Ro I e P lay-
ing 
Motion Pic" 
ture.ITV 
Audio 
ProgrGm71ed 
Instruction 
ESTJ 
N-51 (15.Z~) 
Lectures 
Lab. 
Demonstra-
tions 
Audio 
.>ma!! Croup 
'-Iork 
ISFJ 
N-3119.2~) 
01 ICUIS lo"s 
lutoda I, 
Symbo<. 
Audio 
I SFP 
N-2617.6;) 
Demonstra-
tions 
Role Pley-
Ing 
Labs 
Di.oueBion. 
LlIci:urs. 
ESFP 
N-32110.0~) 
Sma II Group 
I 'Work 
Motion Pic-
tures/TV 
ProgrGm71ed 
Ins truceio" 
Readings 
ESFJ 
N-~6 I 13.7;) 
Labs 
TutorIals 
Audio 
LeG'tul'B8 
INFJ 
H-7Iz. I;) 
Tutorl.ls 
Plctures/ 
5 lid •• 
Symbo<8 
Audio 
INFP 
N-161~.e;) 
Discussions 
Lee tureS 
Readings 
Audio 
Motion Pic-
tU1' •• 
ENFP 
H-II().n) 
Sma II Croup 
!,lor-k 
Discussions 
Readings 
Symbo<s 
Diagrams 
Audio 
ENFJ 
N-15 I ~. 5=) 
Readings 
Field Trips 
Audio' 
DiBCUBSi.OflB 
INTJ 
H-9IZ.7~) 
Reedings 
Tutorials 
Fi.Ld Trips 
Audio 
I NTP 
H-III3.3;) 
Tutorlels 
Readings 
Audio 
.smaH Croup 
Work 
ENTP 
tl-611.8~) 
Discussions 
Read I n9s 
Audio 
Demonstra-
tions 
(/o<e P<ay-
i71g 
ENTJ 
N-I~I~.2~) 
Oemonstra" 
t ions 
Readings 
DisCIJ.ssio'16 
Audio 
Hotp: Host preferred media are In regular type. 
Least preferred media are in ita~ic6. 
Roberts 11982) 
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of the tri-dimensional model of Keefe was used in this study: 
the multi-dimensional model of learning style by Curry 
(1983), with an adaptation by Claxton & Murrell (1987). (See 
Figure 1 for a diagram of the Curry model with Claxton & 
Murrell'c adaptation.) 
INSTRUCTIONAL PREFERENCE 
(Curry. 19B3) 
SOCIAL INTERACTION 
(CIRxlon & Murren.19B]) 
INFORMATION PROCESSING 
(Curry.19B3) 
PERSONALITY 
(Curry. 19B3) 
Figure 1. Learning Style Framework 
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THE CURRY FRAMEWORK OF LEARNING STYLE 
Curry (1983) writes that a technical reorganization of 
learning style constructs is needed in order to find an 
empirically testable model, a model with established psycho-
metric standards. She cites the confusion that abounds in 
the literature regarding definitions and conceptualization 
of the learning style idea. This confusion has impeded 
progress in the use of the learning style paradigm, if there 
is such a paradigm. curry has organized various studies into 
a framework that she presents as a testable model. Curry's 
model, presented here, is used in this study because data 
from all of the layers of the onion model contain variables 
collected by either the Learning style Profile or the 
Myers-Briggs Type Indicator in this study. Table 2 lists 
Curry's components of learning style and the various members 
of each of her components as collected by instruments used 
in this study. Table 2 also lists components of learning 
style according to Claxton & Murrell (1987). 
INSTRUMENTS TO MEASURE THE CURRY DIMENSIONS OF LEARNING STYLE 
One instrument used in this study to measure learning 
style was the Learning Style Profile (LSP) produced by the 
National Association of Secondary School Principals (Keefe, 
Monk, Letteri, Languis, & Dunn, 1986). The LSP measures the 
two outer layers of the Curry model and the social interac-
tion layer of the Claxton & Murrell Model. The other 
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instrument used in this study was the Myers-Briggs Type 
Indicator (Consulting Psychologists Press, 1987) which 
measures the personality dimension of learning style, the 
inner layer or "core" of the onion model. 
TABLE 2 
FRAMEWORKS FOR LEARNING STYLE HYPOTHESIZED AND TESTED 
curry's 
Cognitive 
Personality 
style 
Information 
Processing 
Style 
Instructional 
Format 
Claxton & Murrell's 
Components 
<:-.. (1983) 
Personality 
Information 
Processing 
Social Interaction 
Instructional 
Preference 
*LSP=Learning Style Profile 
MBTI=Myers Briggs Type Indicator 
LSP & MBTI* . 
Components (iI'lde. ,,/,) i '1" ,0 
<!-- (1987) 
MBTI 
Analytic 
spatial 
Discrimination 
Categorization 
Sequential 
Processing 
Memory 
Grouping 
Mobility 
Posture 
Visual 
Auditory 
Manipulative 
Study Time 
Verbal-Spatial 
Posture 
Sound 
Lighting 
Temperature 
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HYPOTHESES 
1. Psychological types of non-majors in biology are different 
from those of majors in biology. 
Null: There is no difference in the distributionof psycho-
logical types, as measured by the Myers-Briggs Type 
Indicator, among the non-maj ors in Biology 110 and among 
student majors in biology (McCaulley, 1977). 
2. Non-majors in biology have different psychological types 
than majors in science. 
Null: There is no difference in the distribution of psycho-
logical types, as measured by the Myers-Briggs Type 
Indicator, among the non-majors in Biology 110 and science 
student majors (McCaulley, 1977). 
3. Non-majors in biology have different psychological types 
than biologists. 
Null: There is no difference among the distribution of 
Psychological types among non-majors in biology and biolo-
gists (CAPT Atlas of Type Tables) . 
4. Students who are successful in biology, as defined by 
achieving a final cumulative test score on the computer-
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managed testing system of 60 or greater, have different 
learning styles than students who are not successful. 
Null: 4. a) There is no difference in the distribution of 
psychological types, as measured by the Myers-Briggs Type 
Indicator, among the students who score 60 or greater on the 
computer-managed testing system and the students who score 
less than 60. 
Null: 4b. ) There is no difference in the mean scores of 
learning style, as measured by the 23 subscales of the 
Learning Style Profile, among students whose final cumulative 
test score is 60 or greater and among students whose final 
cumulative test score is less than 60. 
5. Cognitive processing skills, as measured by the 'Learning 
Style Profile, will predict student ability to answer ques-
tions which demand that skill. 
Null: There is no relationship between a student's score in 
cognitive processing skills, as measured by the Learning 
Style Profile, and the student's score on questions which are 
perceived to demand that skill. 
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6. The Myers-Briggs Type Indicator, as the personality 
component of learning style according to Curry (1983), 
predicts information processing and instructional format 
(portions of the Curry model) as measured by the Learning 
style Profile. 
Null: There is no predictive ability of the Myers-Briggs 
Type Indicator towards information processing or instruc-
tional format. 
ASSUMPTIONS 
The following assumptions underlie the study: 
1. Students were honest and conscientious in completing 
the instruments. 
2. The constructs targeted for measurement by the 
instruments are fundamental to learning and can inform 
instruction in biology. 
3. Administration of the MBTI as a take-home assessment 
did not bias the results of the study. 
DELIMITATIONS 
1. The study was limited to those students enrolled in 
General Biology 110 at The ohio State university Winter 
Quarter, 1988. 
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2. Testing was completed within one class period for 
the Learning Style Profile and one week for the Myers- Briggs 
Type Indicator. 
LIMITATIONS 
1. The instruments used to detect learning styles are 
self-report pencil and paper measures. 
2. The population bf Biology 110 is self-selected; 
i.e., students select Biology 110 as either an elective or, 
usually, because their college major requires a five hour 
science course. 
3. The gathering of learning style information was 
restricted to two instruments. 
4. The Learning Style Profile has not been normed on 
an adult population. 
5. The comparative populations may have differed in 
ways not known to the researcher. 
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OVERVIEW 
This dissertation includes five chapters. 
Chapter One provideG a rationale for the study, includ-
ing importance of the study, statement of the problem, 
problem statement, and background of the project. Also 
included in Chapter One are hypotheses, assumptions, delimi-
tations, and limitations. 
Chapter Two contains a review of the literature and is 
reported in three sections. The sections cover the status 
of science education at the undergraduate level for non-
majors, learning style importance in higher education, and 
studies in science and in higher education which have used 
the learning style approach. Chapter two includes work of 
other MBTI researchers, some of which describes the learning 
style preferences by psychological type. 
Chapter Three consists of the research design and pro-
cedures. They address the overall design of the project, 
background of data collection, data collection procedures, 
and statistical analysis procedures. 
Chapter Four presents the study's results. Descriptive 
statistics are presented for each instrument followed by 
correlations, regressions, canonical correlations, and factor 
analysis. 
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Chapter Five contains a summary, conclusions, implica-
tions for course improvement, and recommendations for future 
research, based on the findings. 
CHAPTER II 
REVIEW OF THE LITERATURE 
The literature reviewed for this section will be pre-
sented under the following headings: 
(1) The status of undergraduate Science 
Education 
(2) Learning Style Importance in Education 
(3) Studies in Science and in Higher Education in 
Which the Learning Style Approach was Used 
(4) Summary 
THE STATUS OF UNDERGRADUATE SCIENCE EDUCATION 
An implicit goal of biology courses for non-majors in 
college is scientific literacy (Meleca, 1973; Skavaril, 
personal communication). It is understood that any such 
course is likely to be the students' only (or last) exposure 
to formal science learning. Peterson & Jungck (1988) 
believe that "an unrealistic approach to science learning has 
metastasized throughout biology courses" at the undergraduate 
level (p. 14). They report that textbooks are dry and 
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static, lectures push information to students who have become 
junkies for mythical 'scientific facts'" (1988, p. 14). 
The "metastasis" that Peterson & Junqk identify has 
occurred between the systems of higher and pre-college edu-
cation, according to some. Dykstra (1987) and Cronin, 
Charron & Espinet (1987) state that biology education in 
colleges today, especially in science classes for non-major 
undergraduates, differs little in the character, flavor, and 
emphasis on factual information, from the data on pre-
college science presented in the comprehensive Project 
Synthesis (Harms & Yager 1981). Project Synthesis reported 
that the curriculum in science classes is 90 percent one 
textbook alone: instruction is predominantly by the lecture 
method. Hurd writes, in the biology education portion of 
Project synthesis, that "an analysis of existing programs at 
the secondary level (middle/junior high and senior high 
school) reveals that discrete knowledge, in and of itself, 
continues to be the emphasis of all programs" (1981, p. 22). 
He continues, "the emphasis has been on vocabulary and 
narrow course objectives," (p. 20) that goals for teaching 
science for the majority of states were "facts, concepts, 
principles." (1981, p. 20). Further, (p.20) "compared with 
acquiring information, all other educational goals are seen 
of minor importance." 
Blystone (1987) reports, in fact, that the greatest 
11 threat to science education is the temptation to be 
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current in the content of modern college introductory biology 
textbooks. Textbooks become larger and larger every year; 
in the 1950s, the average was around 600 pages; in the 
1980s, around 1200 pages. Blystone says that students are 
bombarded by endless scientific terms that have little appeal 
to non-science majors. Wivagg (1987) states that, in 
effect, we have a national biology curriculum because of a 
lack of diversity in textbooks. The national curriculum 
exists in the monolithic encyclopedic biology textbooks that 
freshmen undergraduates are presented for a one-quarter 
course of study. 
UNDERGRADUATE COURSES FOR THE NON-MAJOR IN BIOLOGY 
As stated in chapter one, Westheimer (1987) writes that 
courses for the non-major in biology are invented and re-
invented. He cites the need to focus on the very groups that 
probably, according to McCaulley (1977), outnumber scientists 
at the ballot box and in the legislature - the educators, 
lawyers, and judges and the business executives of the 
future. The difficulty in designing courses for non-majors 
lies in differences between these science non- majors and 
science majors in motivation, interest, and learning style 
(McCaulley, 1977). McCaulley states that differences in 
science maj ors and non-science maj ors are not in learning 
aptitude or intelligence. 
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Carlson (1981) writes that it is clear that biological 
education for non-majors has failed to meet the general 
public's need for knowledge. He says that "Potential leaders 
benefit little from the standard course for non- science 
majors ... abstract principles of nucleic acid chemistry, 
Mendelian laws, mitotic divisions ... are remote and quickly 
forgotten by students if they are not ... tied to students' 
experience" (1981,' p. 440). Recommendations from Carlson 
indicate that both content and presentation format need to 
be reformed. For instance, at large uni versi ties, where 
there are separate courses for the science major and the 
non-science major, the content of the course for the major 
is usually departmentally mandated, whereas the content of 
courses for the non-science majors may be of little concern 
to the biology department. Faculty members who teach the 
non-maj ors course may be assigned to these courses as a 
punishment for poor scholarly productivity (Carlson, 1981). 
Carlson continues, 
The course is usually out of favor with the rest of 
the faculty, who perceive nonmajors as lacking the 
capabilities and enthusiasm that biology majors (have) ... 
Yet few biology majors will be among the lawyers, 
business executives, legislators, ministers, consumer 
activists, and journalists who will shape and decide the 
values and laws that govern the applications of biology 
to the individual and society, (1981, p.441). 
Carlson is not proposing that learning opportunities for 
non-majors be individualized or small group in large univer-
sities; he acknowledges the fiscal reasons for large lecture 
29 
formats. Yet he states that opportunities should be provided 
for students to discuss the material they are trying to 
learn. He suggests that undergraduate students, rather than 
graduate students in biology, be trained to be teaching 
assistants for college credit. He has designed such a 
program in his setting and he describes how it works. The 
basic idea is that students who are motivated by receiving 
college credit for being a teaching assistant, rather than 
students who are. amotivated (graduate students in biology) , 
take an interest in providing one-hour discussion sections 
with twenty or fewer students. They tutor and go over 
notebooks which are required. 
Carlson emphasizes the need to differentiate the learning 
environment between the introductory courses for the majors 
and for the non-maj ors. The nonmaj ors, he says, "would 
clearly sUffer in a course that . . . places a heavy emphasis 
on problem-solving activities" (1981, p. 449). 
Dean (1978) lists several principles that are important 
in considering working with nonmajors in biology. 1.) 
nonmajors are not, by definition, less able than majors. 2.) 
Nonmajors forced to take biology against their will often 
lack motivation. 3.) The course for nonmajors should not 
consist of an introduction to courses they will never take. 
4.) No one can "cover" biology in a quarter, semester, or 
year. 5.) The relationship of biology to the concerns of the 
students as human beings, citizens, and thinking people must 
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be more explicitly addressed than in other biology courses. 
6.) The population in classes for non-majors is likely to 
be more diverse in ability than in classes for majors. 7.) 
"Facts are not enough" (1978, p. 565). 
In summary, the writings of Westheimer, Carlson, and Dean 
give a clear picture that teaching non-majors in biology is 
difficult, costly, and different than teaching majors. All 
of them point out the importance of recognizing the future 
jobs of the non-majors and the ultimate importance of this 
group in affecting scientific literacy for the citizens and 
in affecting legislation about scientific issues. The need 
for opportunities to interact among the students was 
emphasized by Carlson. 
LEARNING STYLE IMPORTANCE IN EDUCATION 
Claxton & Murrell (1987) produced a succinct review of 
the use of learning style in college teaching. They wrote 
that, though the idea of learning style may draw the atten-
tion of faculty and administrators in a compelling way, 
learning style has not yet significantly affected educational 
practices in higher education for many reasons. Some reasons 
are that 1.) Different writers use the word "style" to mean 
different things 2.) Higher education emphasizes research in 
the disciplines rather than the teaching and learning of 
those disciplines and 3.) The concepts of issues surrounding 
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learning style are poorly framed and the characteristics 
associated with it are difficult to assess. (1987, p.l). 
Cla::ton & Murrell (1987, p.l) cite curry's onion model 
(Figure 1 and 2) as a framework which is useful to describe 
learning style. Curry's model is used in this study because 
all of the layers of the onion model, which represent 
various aspects of learning style, are measured by instru-
ments used in this study. The "outer layers of the onion" 
(instructional format, information processing, and, for the 
Claxton & Murrell adaptation, social interaction) are 
measured by the Learning style Profile (LSP). The "core of 
the onion" (personality) is measured by the Myers-Briggs Type 
Indicator. curry's framework for learning style organization 
is based upon internal consistency scores of tests which 
measure learning style components. She says that tests which 
measure personality, such as the Myers-Briggs Type tndicator 
and 'Witkin's Embedded Figures Test, have higher internal 
consistencies than tests which measure information processing 
or environmental components. Curry examined 40 tests which 
measure components of learning style to determine which tests 
had highest internal consistencies. She then organized the 
tests by the three components in the model: personality, 
information processing, and instructional format. 
Claxton & Murrell, as well as Curry, describe the 
Myers-Briggs Type Indicator as an example of the personality 
model portion of learning style, the core of the onion 
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model. The description of the Myer-Briggs Type Indicator 
(MBTI) which follows is according to Claxton & Murrell. 
MYERS-BRIGGS TYPE INDICATOR (MBTI) 
The MBTI is an instrument used in applying Jungian 
theory in education, counseling, and business. Jungian 
theory states that there is consistency and order in 
seemingly random variations in behavior when one considers 
the different ways in which people prefer to take in 
information (perception) and the ways in which they choose 
to make decisions (judging function). Jung states that 
persons can perceive the world in two distinct ways (sensing 
or intuition) and that people use two distinct and contrast-
ing ways to reach conclusions (thinking or feeling). Jung 
also describes a person's attitude toward life as judging 
or perceiving (not to be confused with perception or the 
judging function). Lastly, Jung describes the way persons 
direct energy as either being 
inward (introversion). 
outward (extraversion) or 
Myers and Briggs developed an instrument which measures 
a person's preferences within the dichotomies described by 
The preferences exist on four scales: Extraver-
versus Introversion (E-I), sensing versus Intuition 
(S-N) , Thinking versus Feeling, (T-F) and Judging versus 
eiving (J-P) (Figure 2). 
33 
A. The Sixteen Preference Types on the Type Table 
Sensing Intuition 
I ISTJ ISFJ I INFJ INTJ I Judging 
Introversion I I I 
I ISTP ISFP I INFP INTP I 
I I 1 Perception 
1 ESTP ESFP 1 ENFP ENTP 1 
Extraversion 1 1 1 
1 ESTJ ESFJ I ENFJ ENTJ 1 Judging 
1 1 1 
Thinking Feeling Thinking 
B. Location of the Four Scales Within the Type Table 
Extraversion/Introversion 
I 
E 
Thinking/Feeling 
1 1 1 
I T 1 F 1 - T 1 I __ I_~ __ I __ I 
2X 
Sensing/Intuition 
S N 
Judgment/Perception 
J 1 
__ I 
1 
P 12x 
1 
1 
---:J=--I 
__ I 
Figure 2. Diagram of the Myers-Briggs Type Table (Gable, 
1985) 
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The E-I scale measures the direction of a person's 
preference, or energy and interest toward the outer world of 
persons, actions, and objects (E) or toward the inner world 
of ideas and concepts (I). The S-N scale measures the 
person's preference toward perceiving the world through the 
realities of experience taken in by his or her five senses 
(8) or for perceiving the world by inferred meanings and 
possibilities (I). 
The T-F scale measures a person's preferences for whether 
or not s/he relies more on logical order or more on personal 
values in making judgments. Finally, on the J-P scale, the 
preferences are characterized by a person's tendency to 
desire closure by planning and controlling events (J), or by 
being flexible, waiting to see what happens and by reacting 
to events with spontaneity (P). 
Jensen (1987) (Table 3) presents the relationshi~ of MBTI 
type and learning style. Claxton & Murrell cite studies that 
demonstrate a relationship of MBTI profiles and learning 
styles. For example, in one study by Lawrence, sensing and 
jUdging correlated with order, thinking with endurance, in-
troversion with achievement, intuition and perception with 
autonomy, and feeling with nurturance (p. 14). In another 
study by Lawrence, perception is linked with tolerance of 
complexity as well as impulsiveness. Extraversion correlated 
with talkativeness, sensing with gregariousness and intuition 
With artistic qualities and liking to use the mind (p.14). 
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TABLE 3 
MBTI 
TYPE AND LEARNING STYLES* 
Extraver~ion (E) 
~3 :ear~ be~t 1n 3ituation~ filled 
..... !.t!i. QoveQen:., ac:':'on, and talk. 
They preter to learn tteor!es or 
fac:s that connect with their 
experience, ana they will usually 
CDge to a more thorough uoaer-
stand1ng or these theories or 
facts during group d13cu3~ion3 or 
when working on cooperative 
projects. !3 tend to leap lnto 
a33~gnment3 with little ~fore­
thougbt,n relying on trial-and-
error rather than anticipation to 
,:,elva problems. 
Sen~ory Perception (S) 
23 learn best when they moVe trom 
the concrete to the abstract in a 
step-oy-step progres3ion. They 
are thus at home with prog~ed, 
QOdular, or computer-as3isted 
learning. They value knowledge 
that 13 practical and want to be 
precise and accurate in t~eir own 
work. They tena to excel at 
zemor!zing facts. 
Thinking Judgment (T) 
l~ are mo~t motivated when prov1-
Qed with a logical rationale (or 
each project and wben teacber~ 
acknowledge and re3pect their 
CCQpetence. they preter toP1C3 
that help thetA to under~tand 
3Y3tem3 or 
relat1on:sh1p3. 
• yllog1.t10 aLld 
Judgment (J) 
cau3e-and-etfect 
Their thought 1 • 
aLla1yt10. 
13 tend to gauge the!~ lea~ing by 
the completion of ta~K3: reading 
"x"-amount of bOOK." w~!t!ng "x"-
aQouat ot paper." or ~ing "x"-
amount of repor~3. They tau", 
p~efer more 3~~c~ured learning 
environment., that e3tabli3b goa13 
for them to ~eet • 
• T ... ____ / .... n_\ 
Introver~ion (I) 
S!nce 13 Qay be core qUiet and 
lea3 active 1P the c1a33rOOQ, 
teachera may feel the need to 
preas them into tak~,g part !~ 
group d1"cu3aion3. Such pres3ure, 
however, will often only increaae 
their withdrawal. Teachers need 
to re3pect their need to think . in 
relative :solitude, for that i3 how 
they think best. Is will be :ore 
will10i to ahare their idea3 when 
given advance notice. Thi:s will 
allow them time to think about how 
t~ey will become active in the 
c ta~.aroom. 
Intuitive Perception (N) 
!3 tend to leap to a conceptual 
understanding at material and may 
daydream or act-out during drill 
work or predom1Dately factual 
lecture.s. Thoy value' quick 
fla3he3 of 1as1ght but are often 
careless about deta113. They tend 
to excel at imaginative ta3k,a anQ 
theoretical topics. 
Feeling Judgment (F) 
fS are m03t aotivated when given 
per~onal encouragement and when 
:shown the human angle of a tOPiC 
[3 thi~ to clarify their value3 
and to extabli3h network3 of 
value3. Even when their 
expro3sion3 38em 3yllogi3tic, they 
u3ually evolve from :some 
personally held belief or value. 
Perception (p) 
E3 tend to view learning a3 a r~ee­
weeeling, fleXible que3t. 7hey 
care los3 about deadline:s and the 
completion of ta3k3. 7iley prefer 
open and ~pontaneou~ learning 
env1ronment,., and feel "impri30ned" 
in a h1gnly .structured c1a35room. 
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Summaries of studies by Lawrence (1984) are presented in 
Tables 4, 5 and 6. 
McCaulley (1977) writes that Jungian theory can help to 
explain the differences among the majors and the non- majors 
in science. She says that METI type theory can help explain 
that some people are "science-minded"; these are th9 types 
more likely to enter science. Gable (1985) (Table 7) presents 
data which show distribution of types within occupational 
groups. According to Gable's data, research scientists are 
100% NT, an indication of which types are "science minded", 
by McCaulley's definition. 
McCaulley says that science types are probably outnumber-
ed at the ballot box and in the legislature and that scien-
tists might feel that society does not appreciate, or even 
rejects them. On the other hand, she says that type theory 
can help scientists to understand that for nonscientists, 
"logic does not speak for itself" and it is not enough "to 
discover simply for the joy of discovery" (p.117). Thus, 
there is much that each group can learn about the other to 
facilitate cooperation and understanding. Campbell's (1986) 
study (Table 8) determined which learning format was prefer-
red by each METI type. These studies indicate that people 
with different learning styles and personalities prefer 
different instructional modes. 
TABLE 4 
LEARNING PREFERENCES ASSOCIATED 
WITH SINGLE DIMENSIONS OF MBTI TYPE* 
E:l:tranrs1QQ 
-talking, disoussion 
-psychomotor activity 
-working witb a group 
Sallsing 
-tasks tbat oall tor carefulness, 
thorougllness aIId soundness ot 
Wlderstanding 
-going step-by-step 
-tasks that oall tor observing 
specifios 
-tasks that oall tor memory ot 
taots 
-praotioal interests 
Thinking 
-logical ergan1zat1on ot teacher 
-objeotive material to study 
Judging 
-work in steady, orderly way 
-formalized instruotion 
-prescribed tasks 
-drive toward olosure, oomplet1on 
ID.tronrs1on 
·-readiag/verbal reasoniag 
-time for internal prooess1ag 
-working individually 
ID.tu1t1on 
-tasks that call for quiokness of 
insight aIId in .eeing relation-
ships 
-finding owa way in new material 
-tasks that oall for grLSPias 
geQeral oonoepts 
-tasks that oall for imagination 
-intellectual interest. 
(independeat of intelligence) 
-readinl 
reeling 
-personal rapport 
-learn1ag througb 
tionsb1ps 
Parodving 
with teaober 
personal rela-
-work 10 flexible way, follow 
impulses 
-informal probl ... sol viog 
-d1soovery .tasks 
-cu.nagiag emerging problems 
aaa~======z====.=.===.a •••••• a •••• s.==:=.===.= •• = •••• =ss ••• =:===: ••• -:==:. 
~vralloe. G. (1984). ! syntbe.1s of le.rning style rese.rcb involving 
the KBTI. Journal of Psyobological Type, 1, 2-15. 
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TABLE 5 
LEARNING PREFERENCES ASSOCIATED WITH 
MBTI TYPES BY FUNCTION COMBINATIONS 
ST Types 
-demonstrations 
-labs 
-television 
-having a plan and sticking to it 
NF Types 
-learn through personal 
relationships 
-dislike impersonal, 
didactic instruction 
-highly value faculty feedback 
-value student enthusiasm 
-low-frictionstudent-Ied 
discussions 
-opportunities to be creative 
and original 
---
SF Types 
-student-led demonstrations 
or presentations 
-instruction with personal 
involvement 
-television 
-films and audiovisuals 
-having a study schedule 
NT Types 
-organized teacher lectures 
-self instruction 
-reading 
-systematically organized 
courses 
*Lawrence,G. (1984). 
involving the MBTI. 
A synthesis of learning style research 
Journal of Psychological Type, ~, 2-15. 
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TABLE 6 
LEARNING PREFERENCES ASSOCIATED 
WITH TWO-LETTER DIMENSIONS OF MBTI TYPES* 
ES_ Types EN_ Types 
-reading -television 
-self-instruction -reports to class on topics 
-courses that put me on my 
own i.nitiative 
-working on group projects 
-meeting a lot of people 
-opportunities to be creative 
and original 
IS Types 
-demonstrations 
-labs 
-computer assisted instruction 
-films, audiovisual aids 
-facts, facts and more facts 
-dislike independent study 
selected by students 
-scheduling my time 
-having a schedule and 
sticking to it 
-orderly work on goals set 
in advance 
IN Types 
-serious reading 
-tutorials 
-independent study 
-systematically organized 
courses 
S P Types: Structured exploratory observation, hands on 
S J Types: Structured didactic, sensory rich instruction 
_N_P Types: Low structure, inductive instruction 
_N_J Types: Moderate to high structure "serious" instruction 
*Lawrence, G. (1984). 
involving the MBTI. 
A synthesis of learning style research 
Journal of Psychological Type, ~, 2-15. 
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TABLE 7 
DISTRIBUTION OF TYPES WITHIN OCCUPATIONAL GROUPS 
Preferences (%) 
Occupations ST SF NF NT 
Accountants 64 23 4 9 
Bank Employees 47 24 11 18 
Sales, Customer Relations 11 81 8 0 
Creative Writers 12 0 65 23 
Research Scientists 0 0 23 77 
Medical Physicians 34 19 26 21 
Dentists 27 23 19 31 
============================================================= 
Gable (1985). p. 32. 
TABLE 8 
LEARNER POSTTEST MOST AND LEAST PREFERRED METHODS, TECHNIQUES 
AND DEVICES BY MDTI DOMINANT FUNCTION GROUPINGS 
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THE LEARNING STYLE PROFILE 
The Learning Style Profile was developed by The National 
Association for Secondary School Principals (NASSP) b.:cause 
of limited instrumentation to measure the wide variety of 
learning style constructs. The NASSP formed a Task Force to 
develop the instrument, wh!ch became available in 1986. The 
test was normed on a grade 6-12 population of 5,000 students. 
The NASSP states in the Examiner's Manual that the LSP is a 
first-level diagnostic tool. It is recommended to be used 
with follow-up when results from the LSP may be unclear. The 
technical manual recommends longer tests which are more 
reliable than the few items for each construct on the 
profile. For example, if a student, or groups of students, 
shows weakness in analytic ability, -and analytic ability is 
a desired skill for a course, the Technical Manual recommends 
the Embedded Figures Test (EFT), for individual administra-
tion to older children, adolescents, and adults. The Group 
Embedded Figures Test (Witkin, Oltman, Raskin, & Karp, 1971) 
is available for group administration to adolescents and 
adults. 
The LSP is a second-generation instrument; i.e., it was 
created from items which researchers had already found to 
measure constructs in the learning style domain. The LSP is 
based on the idea that learning style is composed of cogni-
tiVe, affective and environmental/physiological elements. 
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Ferrell (1988) writes that since the LSP is a new instru-
ment, its potential value is still to be documented by its 
users. She states that no normative data exist for special 
populatiops, and such data must be established. She further 
states thi' .. t since each learning style subscale is measured 
by only a few items, that reliabilities and therefore 
interpretations of results should be approached conservative-
ly. Table 9 lists the subscales and descriptions of sub-
scales measured by the LSP. Figure 3 is a sample LSP computer 
printout of an individual student. 
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TABLE 9 
LEARNING STYLE PROFILE SUBS CALES (Keefe, 1988) 
1. Analytic Skill - the capability of identifying figures 
concealed in a complex background field. 
2. Spatial Skill - assesses two generally recognized com-
ponents of spatial reasoning: pattern recognititon and 
spatial rotation. 
3. Discrimination Skill - the capacity of focusing 
of the required dimensions of a task and 
distractions. 
attention 
avoiding 
4. categorization Skill - assesses variations in categoriz-
ing behavior. 
5. Sequential Processing Skill - refers to a learner's 
capability or bias for processing information in a 
step-by- step, linear fashion. 
6. Memory skill is based on the cognitive style of 
leveling vs sharpening. Sharpeners show strength in 
differentiating new information from old; levelers do 
not. 
7. Visual Perceptual Response - characterizes the learner 
who tends to respond to new information in a visual or 
pictorial fashion. 
8. Auditory Perceptual Response - characterizes the learner 
who responds to new information in an auditory or listen-
ing fashion. 
9. Emotive Perceptual Response - characterizes the learner 
who responds to new information in terms of its feelings. 
10. Persistence orientation - is the willingness to sustain 
behavior beyond the required time, to withstand discom-
fort, and to face the prospect of failure. 
11. Verbal Risk Orientation - measures a student's willing-
ness to verbalize, to speak out, and to state opinions 
even if others disagree. 
12. Manipulative Preference - characterizes the learner who 
likes "hands-on" learning activities. 
Early Morning Study Time Preference (STP) 
preference for studying and learning 
morning. 
- characterizes 
in the early 
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14. Late Morning Preference STP - characterizes preference 
for studying and learning in the late morning. 
15. Afternoon Preference STP - characterizes preference for 
studying and learning in the afternoon. 
16. Evening Preference STP - characterizes preference for 
studying and learning in the evening. 
17. Verbal-spatial Preference - loads with the cognitive 
factors (1-6) in the factor analysis. This sub scale 
assesses a learner's preference and conceptual orienta-
tion for dealing with verbal or spatial tasks. 
18. Grouping Preference - measures individual preferences for 
whole class, small group or dyadic learning groups. 
19. Posture Preference - characterizes learner preference for 
formal or informal study arrangements and related body 
postures. 
20. Mobility Preference - describes learner tendency to move 
about and take breaks while studying, or to work until 
the task is finished. 
21. Sound Preference - Characterizes variations in reacting 
to auditory stimulation. Some learners have a need for 
quiet, while others use moderate background sound as a 
screen against other distractions. 
22. Lighting Preference - describes a learner' sneed for 
higher or lower levels of illumination. 
23. Temperature Preference - Characterizes a learner's choice 
to study in a warm or cool setting. 
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THIS PROFILE IS FOR: _ Jane Doe 
Birthdate: 8/5/00 ~: F Grade: 11 Race: 
Date: 2/12/86 School: 0 Class: 20-
Skills--General approach to processing information 
Score Weak Average strong 
-Analytic 52 XXI XX I I 
Spatial 64 I IXXXX I 
Discrimination 48 XXIXX I I 
Categorization 47 XXXX I I I 
Sequential 57 I XXXX I I 
Memory 63 I IXXXX I 
perceptual responses--initial response to verbal information 
Visual 
Auditory 
Emotive 
Score 
59 
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Weak Average strong 
______ ~I~ ______ ~I ____ ~X~X~X~X~I ________ I 
______ ~I~X~X~X~X~ __ ~I ________ ~I ________ I 
______ ~I _______ X~X~IX~X~ ____ ~I ________ I 
orientationsandpreferences--
preterredresponsetostudy or instructional environment 
Score Weak Average strong 
Persistence 54 I XXXX I 
Verbal Risk 51 XXIXX I 
Manipulative 44 XXXX I I 
Study Time: 
Early Morning 45 I XXXX 
Late Morning 40 XXIXX 
Afternoon 50 I XXXX I 
EVening 57 I XXXXI 
score High Neutral High 
Verbal-Spatial 52 Spatial I I XXIXX I I Verbal 
Grouping 31 Small I I XXIXX I I Large 
Posture 39 Informal I XXI I I I Formal 
Mobility 52Stillnessl I XXIXX I I Movement 
Sound 62 Quieti I I IXX I Sound 
Lighting 34 Diml XX I I I I Bright 
Temperature 35 Cool I XX I I I I Warm 
ConSistency score: 1 Normative sample: 1986 -- National 
NASSP--National Association of Secondary School Principals, 
Reston, VA 
Figure 3. Learning Style Profile computer Printout 
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STUDIES IN SCIENCE AND IN HIGHER EDUCATION IN WHICH THE 
LEARNING STYLE APPROACH WAS USED 
Gable (1985) states that accountability issues are 
forcing educators to critically evaluate their programs for 
effectiveness, efficiency, and excellence. Her study 
involved a population previously l:nstudied: health occupation 
stuaents. Twel ve hundred students enrolled in f .i.fteen health 
occupational fields and three educational settings were 
administered the Myers-Briggs Type Indicator. Gable found 
significant differences in the sensing/perception preferences 
of the health occupation students, between occupational 
programs and in different educational settings. Further 
differences occurred in the biographical items. Thus, group 
membership in various health occupations was significantly 
predicted by learning style preferences and biographical 
information. Gable suggests that her findings can be used 
to improve curriculum design, instructional processes and 
evaluation procedures. 
Daon (1986) studied students enrolled in a BASIC compu~-
ing course in college. He determined that changes occurred 
in individual learning styles for the majority of the 
students during the course. Students engaged in Deep 
Processing when situational demands became more complex and 
when they had apparently "automated" low-level computer 
programming skills. A positive correlational relationship 
was found between Deep Processing and academic achievement. 
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Individual background was found ,to be a determinant in the 
use of a particular learning style by the student. Learning 
style processes, identified at entry, were better predictors 
of success in the course than was (previous) student achieve-
ment. 
Sharma (1987) reviewed cognitive styles implications for 
computer science classes. Her examples have implications for 
other laboratory sciences. She reviewed studies by Tillman 
(1979), Hoffman and Waters (1982), Bozeman (1978) and Stevens 
(1983) . 
Tillman (in Sharma, 1987) suggests a differentiated cur-
riculum: that analytical students be assigned all of their 
problems for the course on the first day of class and be 
allowed to progress at their own rate, whereas the heuristic 
thinkers may require a more structured and formal teaching 
technique. Analytic problem solvers, according to Sharma, 
utilize a structured approach to decision-making and attempt 
to reduce problem situations to a core of underlying causal 
relationships. Heuristic problem solvers emphasize common 
sense and intuition, and use the trial-and-error method and 
feedback to adjust the course of action chosen. Hoffman and 
Waters' (in Sharma, 1987) work utilized the Myers-Briggs Type 
Indicator. They suggest varying instruction for the in-
dividual student whose profile is Extroverted-Intuitive-Per-
ceiving (EN_P). For example, they suggest instruction with 
more interaction among students including group work at the 
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computer; use of frequent question-discussion sessions; 
pop-quizzes to keep learners on task and to promote competi-
tion, greater planning and c.rganization of time for learning; 
and provision for relaxation/quiet times scheduled prior to 
and during breaks. No significant intet'action has been found 
to occur between personality ':ypes and the drop-out rate when 
this extra amount of attention is given to the students with 
the Extroverted-Intuitive-Perceiving personality type. The 
key, according to Sharma, is not to let them get discouraged 
and fall too far behind. 
Sharma cites research of others which shows that analytic 
thinkers outperform heuristic thinkers in task performance, 
assuming all other factors are equal. She continues with 
Stevens' (in Sharma, 1987) observations that field-
independent persons had significantly higher scores in 
instructional computer science courses than field-dependent 
students. The field-dependent person's perceptions and 
activities tend to be global and to focus on the total 
environment, whereas the field-independent subjects' percep-
tions, on the other hand, are analytical and are not dominat-
ed by the prevailing field. Sharma's review includes 
Bozeman's (in Sharma, 1987) findings that Extroverted-
Perceiving (E P) types overwhelmingly tended to drop out of 
computer tasks. 
Tanenbaum (1981) investigated the relationship between 
high- and low-structured materials with field dependent or 
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field independent high school students (n=248) in studies in 
nutrition. She designed the high-structured materials in a 
logical order using a deductive sequence which required 
written answers to convergent questions. The low-structure 
materials presented identical information in a random order 
which required inductive sequencing and written answers to 
divergent questions. The experiment tested whether or not 
achievement of secondary students varied when materials were 
presented in congruence with their learning style or when the 
materials were dissonant to it. 
Tanenbaum found that field-dependent students achieved 
significantly higher scores after using the high-structure 
method; field-independent students achieved significantly 
higher scores after using the low-structure treatment. 
Douglass (1979) determined that, for 3 units, when high 
school biology students were matched by learning style, and 
when materials were structured toward their learning style, 
they were more academically successful in learning biology. 
Students with strong analytical or strong global thinking 
strategy benefit the most from instruction geared toward 
their preference. Douglass'S popUlation of students (n=627) 
was administered a battery of tests to determine their 
learning style. She was most interested in providing at 
least one alternative for students who may not process 
information in a sequential or linear way. Douglass's 
results showed that materials structured for the analytical 
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or field independent learner enhanced student learning 
significantly. Moreover, materials structured deductively 
(globally for the field- dependent learner) enhanced these 
learners' performance significantly as well. Douglass 
concluded by stating that, before embarking on a similar 
journey, teachers must first decide if they are sufficiently 
committed to individualized instruction to develop two sets 
of instructional materials for their students. 
Kern and Matta (1988) found that intuitive-feeling (NF) 
students performed less well than did sensing-thinking (ST) 
students in a computer course. They suggest that sensing-
thinking individuals perform better in a self-paced environ-
ment and that this performance is consistent with charac-
teristics of their type. The sensing-thinking types prefer 
working with objective information and pay great attention 
to detail. They also tend to be better qualified at making 
decisions regarding the pace and sequence of instruction. 
Kern and Matta suggest that the intuitive-feeling individual 
might require some kind of human intervention to supplement 
the computer environment, by giving this student guidance in 
the sequencing and pace of instruction. 
SllMMARY 
The NMBC was initially designed to provide individualized 
instruction. However, the idea of individualization in 
1989 is different than it was in 1969, when the course was 
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designed. Today the idea of individualization is based more 
on learning style preference than it is on self-paced 
instruction because some learners have more difficulty than 
others with regulation of self-pacing. Learning style 
literature contains evidence that one learning track alone 
may not reach all the learners. Multiple opportunities may 
need to be available for pathways through learning materials; 
multiple levels of support via human interaction may also be 
needed. 
Because institutions of higher education are predomin-
antly consumer-oriented, provisions should be made to give 
the students instruction in more than one mode to accommodate 
their learning styles. At the very least, instruction should 
vary within a course so that learners will have opportunities 
to learn, at least part of the time, in their preferred mode. 
In summary, the literature on learning style and its use 
in higher education suggests that measuring learning style 
is a way to begin to recognize and accommodate individual 
differences in learners. Some literature seems to be directed 
toward helping students with computer achievement. Computer 
programming courses may have parallel cognitive demand in 
analysis and synthesis with introductory science courses, 
i. e., certain topics must be mastered before others make 
sense. Sharma's review of Bozeman (1978), Daon (1985), 
Hoffman & Waters (1982) and the research of Kern & Matta 
(1988) all present data from studies that used the learning 
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style approach with students. They all say that because of 
individual differences in student learning styles, teachers 
n~ed to be more aware that some students may need more 
support than others to prevent them from dropping the course. 
Douglass' and Tanenbaum;s studies demonstrate that, when 
preferred learning style is accommodated, achievement in-
creases. The computer course studies cited in this chapter 
suggest that the skill-building and orderliness of progres-
sion with detail requirements may not have been a workable 
mode for students who possessed certain learning styles. 
.:J .. 
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CHAPTER III 
RESEARCH DESIGN AND PROCEDURES 
This chapter is organized into five sections: 
1. Overall design. 
2. Description of Biology 110, the non-majors biology 
course (NMBC). 
3. Identification of student learning style, which includes 
the methodology used for part one of the study. Descrip-
tions of the two instruments, 
(LSP) and Myers-Briggs Type 
included in section three. 
Learning Style Profile 
Indicator (MBTI) are 
4. Formation, structure, and organization of the three data 
bases from which the results were gathered. 
5. statistical procedures used in the data analysis 
OVERALL DESIGN 
An extensive needs an~lysis was begun in late 1986 to 
evaluate an introductory biology course for non-majors at The 
ohio state University. Factors reviewed, external to this 
stUdy, included Bio-Learning Center use, recitation atten-
dance, and examination of modular units of instruction in 
the computer-managed test system. 
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To begin a portion of the needs analysis two things were 
done by this researcher: one, the modular units were examined 
to determine the unit in which students were having the most 
difficulty (the unit with the lowest mean score). Two, 
informal interviews with former students determined that some 
students loved the course while others hated it. A high drop 
out, withdrawal, and failure rate exists in the course; 
approximately 20-25% of the students who enroll and take at 
least one unit test do not successfully complete the course. 
The research design included identification by learning 
styles of some of the students who do not complete the 
course. Data collection occurred as early as possible after 
the quarter started. 
This study involved the identification of learning 
styles of students in the NMBC, a course taught by the 
audiotutorial format to approximately 3500 students per year. 
Curry, in Claxton & Murrell (1987), describes per-
sonality factors as the core upon which all other learning 
style variables are built. (see Table 2 in Chapter I for a 
description of which factors, as described by Curry, are 
measured by each of the instruments: the Learning style 
Profile (LSP) and the Myers-Briggs Type Indicator (MBTI). 
See Figure 2 in Chapter II for a description of all the LSP 
subscales. Chapter II also includes a description of the 
Myers-Briggs Type Indicator.) 
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According to Curry (1983), information processing and 
instructional preferences build upon the personality core. 
six subscales classified as cognitive skills are 
assessed by the LSP: analytic, spatial, discrimination, 
sequential processing, categorization, and memory. Three 
subscales classified as perceptual modalities are assessed 
by the LSP: visual, auditory, and emotive. The remaining 13 
subscales are considered physiological/environmental. (See 
student printout of the LSP in Figure 3 for example of how 
all variables are reported to an individual). The MBTI 
assesses eight personality dimensions described by the 
Claxton & Murrell (1987) and the Curry (1983) learning style 
paradigm, the paradigm which constitutes the learning style 
framework used in this study. 
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DESCRIPTION OF BIOLOGY COURSE FOR NON-MAJORS 
The course in biology for non-majors was designed in 
1969 from state-of-the-art data available on individualized 
instruction. Biology 110 was implemented in this mode in 
1969 (Meleca, 1973). The course has had modifications over 
the years; the current delivery format is similar in some 
ways to the course as it was designed in 1969. In other ways 
it is quite different. For example, a computer-managed 
testing component was added in the 1970s. currently, all 
student assessment is done by computer. Another change was 
the removal in 1986 of slides to accompany the audiotape 
instruction and inclusion of a visual component provided by 
the textbook. 
The objectives of the program, as designed in 1969, are 
taken from Meleca's article: 
1. To endow undergraduate students with scien-
tific literacy by means of individualized 
instruction. 
2. To prepare biology and biology-related majors 
for upper-division work in subdisciplines of 
biology. 
3. To give the learner an education in biology 
that stresses inquiry and the process of 
science and is based on principles that will 
stand the test of time (1973, p. 193). 
No data were located that show a revision of the objec-
tives of the program in the Bio-Learning Center since the 
inception of the course in 1969. Biology majors do not 
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currently take the course; special courses are now.available 
for them. However, it is not clear that program objective 
2, listed above, is not still a focus of the course. 
D~SCRIPTION OF BIOLOGY 110 (NMBC) 
The description of Biology 110, which follows, is taken 
from the 1988 Annual Report of General Biology. Biology 110, 
General Biology, is a 5-credit hour course presenting an 
in-depth introduction to the important basic concepts and 
principles which tend to unify the study of living organisms 
at various levels of organization. The course is offered all 
four quarters of the academic year. Biology 110 is approved 
for basic education requirements (BER) for students in the 
college of Arts and Sciences. The course is also available 
for credit by exemption. Biology 110 may be taken as an 
elective by a student wishing to fulfill a 5-credit natural 
science requirement. There are no prerequisites for Biology 
110. 
Biology 110 is taught by the audiotutorial method, and 
involves 10 tape-recorded units, of which each is integrated 
with a corresponding group of laboratory experiments. This 
instructional component is delivered in the Bio-Learning 
Center (BLC) , where students may work at their individual 
paces, given the requirement that the student must complete 
at least one unit of study per week. In addition, the 
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student is required to attend two, one-hour conventional 
recitation section meetings per week, where specific problems 
can be discussed. 
All testing in Biology 110 is accomplished in the Gen-
eral Biology Testing center through the Bio-Computer Managed 
Instruction (Bio-CMI) computer program operating under the 
Phoenix System on the computer of University systems computer 
Center. The required textbooks for Biology 110 are The World 
of Biology by Davis and Solomon (1986) and General Biology 
Laboratory Manual by Eberhard (1985). The syllabus, calendar 
and instructional objectives for each of the ten units are 
presented in Appendices A-E. 
IDENTIFICATION OF STUDENT LEARNING STYLE 
SUBJECTS 
The subjects were enrolled in the NMBC during Winter 
Quarter, 1988. The population of students was 1053 as listed 
on the third week class rosters. The population of students 
who took only the LSP (N=922) and the population of students 
who took both instruments (N=673) were both analyzed separ-
ately. (In the case of both instruments, some students who 
dropped the course and who never actually took a computer-
managed test (N=27) were evaluated for their learning style.) 
Students were administered the instruments during the first 
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two weeks of class, so all students who took both instruments 
were still enrolled through the second week. 
TEST ADMINISTRATION PLAN 
Two instruments for measuring learning style were the 
Learning Style Profile (LSP) produced by the National As-
sociation of secondary School Principals (NASSP) (Keefe et 
aI, 1986) and the Myers-Briggs Type Indicator (MBTI), produc-
ed by the Consulting Psychologists Press (1977)~ Both in-
struments were administered during winter Quarter, 1988. 
During the first. week of the quarter, the LSP was adminis-
tered during the recitation period. Students were given the 
opportunity to refuse to take the LSP; however, bonus points 
were given as motivation to participate in the research. (An 
explanation of these special bonus points can be found in 
Appendix B). The students present at recitation sections 
who vOlunteered (N=922) to do so were given the Myers-Briggs 
Type Indicator to take home and complete by the following 
recitation meeting time, the next week. Seven hundred and 
sixty nine students returned the MBTI for an 83% response 
rate. 
Myers and McCaulley (1985) state that "The MBTI has no 
time limit ... " (p.8). Several authors have used the survey, 
mail-out design for administration of the MBTI (Campbell, 
1986; Shylo, 1985; and Weade, 1984). Steele (1986) 
two weeks of class, so all students who took both instruments 
were still enrolled through the second week. 
TEST ADMINISTRATION PLAN 
Two instruments for measuring learning style were the 
Learning Style Profile (LSP) produced by the National As-
sociation of Secondary School Principals (NASSP) (Keefe et 
aI, 1986) and the Myers-Briggs Type Indicator (MBTI), produc-
ed by the Consulting Psychologists Press (1977). Both in-
struments were administered during winter Quarter, 1988. 
During the first week of the quarter, the LSP was adminis-
tered during the recitation period. Students were given the 
opportunity to refuse to take the LSP; however, bonus points 
were given as motivation to participate in the research. (An 
explanation of these special bonus points can be found in 
Appendix B). The students present at recitation sections 
who volunteered (N=922) to do so were given the Myers-Briggs 
Type Indicator to take home and complete by the following 
recitation meeting time, the next week. Seven hundred and 
sixty nine students returned the MBTI for an 83% response 
rate. 
Myers and McCaulley (1985) state that "The MBTI has no 
time limit ... " (p.8). Several authors have used the survey, 
mail-out design for administration of the MBTI (Campbell, 
1986; Shylo, 1985; and Weade, 1984). Steele (1986) 
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administered the MBTI in class over a four day period for a 
total of one and one half hours. 
, 
Bonus points were given to each student for completing 
either the LSP or the MBTI or both. Students received results 
from the learning style profile in a computer printout format 
(Figure 3, p. 46) and written explanation (Appendix G). The 
meaning of the profile and of learning style was explained 
in a seminar which was offered near the end of the quarter. 
INSTRUMENTATION 
Learning style Profile 
The Learning Style Profile (LSP) (Keefe, et al., 1986) 
administered to the biology students measures 23 subscales 
of research-based style elements which are classified into 
cognitive, affective, and physiological/environmental do-
mains. Learning style is a composite of these elements that 
serves as a relatively stable indicator of how a learner 
perceives, interacts with, and responds to the learning 
environment. 
The LSP contains 126 items divided among 23 subscales. 
The LSP internal consistency reliability estimates for each 
sub-scale measures from 0.47 to 0.76, with an average of 
0.61. (Over 5000 students field tested the LSP in grades 6-12 
to determine these reliabilities (Keefe, et al, 1986». 
Reliability estimates (Cronbach's Alpha) reported by the 
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NASSP and for the non-majors in Biology 110 are presented in 
Table 10. The range of reliabilities for the non-major is 
0.35-0.89 with an average of 0.68. 
TABLE 10 
LEARNING STYLE PROFILE 
SUBSCALE RELIABILITIES 
Cronbach's Alpha 
I I Biology Non-maj or 
Subscale 
Numb er 1_--",G""r.!2a",dcse",s....."6!.:-",1",2O-...JI,---"u,-,n",d.,;e",r",g",r,-"a",d,,,u",a..,t",e ..... 
of Items I I 
________________________ I-~n~_...J __ ~A~l~p~h~a~! __ ~n~---'~A~l~p~h"'a~ 
Analytic Skill 5 
Spatial Skill 5 
Discrimination Skill 5 
Categorizing Skill 8 
Sequential Processing 
Skill 6 
Memory Skill 12 
Perceptual 
Visual 
Auditory 
Emotive 
Response: 
20 
20 
20 
I I 
I 4,852 .56 I 922 .64 
I 4,967 .60 I 922 .39 
I 5,131 .51 I 922 .59 
I 3,702 .74 I 922 .74 
I I 
I 4,997 .72 I 922 .52 
I 4,467 .62 I 922 .62 
I I 
I I 
I 4,766 .51 I 922 
I 4,766 .49 I 922 
I 4,766 .48 I 922 
I I 
Persistence 
orientation 
Verbal Risk 
Orientation 
Manipulative 
Preference 
4 I 4,844 .67 I 922 .75 
I I 
4 I 4,745 .55 I 922 .66 
I I 
4 I 4,766 .69 I 922 .77 
StUdy Time Preference: 
Early Morning 2 
Late Morning 2 
Afternoon 3 
Evening 3 
Verbal-Spatial 6 
Preference 
Grouping Preference 
Posture Preference 
Mobility Preference 
SOund Preference 
Lighting Preference 
Temperature 
Preference 
5 
4 
4 
4 
5 
4 
I I 
I I 
I I 
I 4,783 .47 I 922 .59 
I 4,873 .67 I 922 .89 
I 4,765 .60 I 922 .67 
I 4,903 .58 I 922 .74 
I 4,220 .76 I 922 .35 
I I 
14,760 .64 I 922 
I 4,750 .52 I 922 .67 
I 4,726 .64 I 922 .75 
I 4,819 .69 I 922 .81 
I 4,810 .73 I 922 .84 
I 4,802 .72 I 922 .85 
I I 
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Myers-Briggs Type Indicator 
The Myers-Briggs Type Indicator (MBTI) was developed by 
Isabel Briggs Myers and Katherine C. Briggs (Myers, 1980). 
The i~dicator is based on the psychological theory of Carl 
Jung who identified llehaviors in individuals that are due to 
certain basic differences in the way people prefer to use 
perception and judgment, behaviors that were previously 
thought to be based on random variation (Jung, 1921). 
The MBTI is one of the most valuable instruments for an 
initial look into individual differences between persons 
(Myers, 1980). Claxton & Murrell (1987), using the Curry 
model, have described personality in relation to learning 
style as the core ingredient in assessing a person's propen-
sity toward a new learning situation. They list the MBTI as 
a measure of determining personality components of an in-
dividual as those components relate to learning. 
McCaulley (1977) has stated that the MBTI can be used 
to distinguish a "science-minded" individual from one who 
is not. Gable's (1985) table (2.5) presented in Chapter II 
shows that, based on a synthesis of five studies, research 
scientists are all intuitive (N). Claxton & Murrell (1987) 
report that much data support the hypothesis that intuitive 
types survive and thrive much better in an academic environ-
ment, particularly at the college level. Identification of 
those individuals who are taking science classes but who are 
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not "science-minded" can be a helpful diagnostic tool for the 
instructor who is interested in designing instruction for 
individuals who may think differently ?rom the instructor. 
According to McCaulley (1977), Myers (1980), and Claxton & 
Murrell (1987), non-major students in biology may be more 
sensing than intuitive, and may be more likely to drop out 
of college, than would intuitive types. Identification of 
learning style may have implications for teaching as well as 
for learning. 
Reliability of the MBTI of the nine samples related to 
post-secondary education, according to Gable (1985), were in 
the .68-.90 range, except for one estimate of .63, using the 
split-half technique on each of the four scales. The Alpha 
reliability ranged from 0.71-0.84, according to Gable. 
VARIABLE NAMES 
Table 11 presents variables collected in this study. 
An explanation of the origin of each variable follows the 
table, in the descriptions of formation of the data bases. 
~ ..•.... 
Name 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
CS 
C9 
CIO 
Cll 
CI2 
CI3 
CI4 
CI5 
CI6 
CI7 
CIS 
CI9 
C20 
C2I 
C22 
V23 
MI 
M2 
M3 
M4 
M5 
M6 
TABLE 11 
VARIABLE NAMES: 
LIST, DESCRIPTION, AND LOCATION 
Description 
Analytic skill score* on LSP 
Spatial skill score on LSP 
Discrimination skill score on.LSP 
Categorization skill score on LSP 
Sequencial Processing skill score on LSP 
Memory skill score on LSP 
Visual perceptual response score on LSP 
Auditory perceptual. response score on LSP 
Emotive perceptual response score on LSP 
Persistence orientation score on LSP 
Verbal Risk orientation score on LSP 
Manipulative preference score on LSP 
Early morning study time preference score on LSP 
Late morning study time preference score on LSP 
Afternoon study time preference score on LSP 
Evening study time preference score on LSP 
Verbal-spatial preference score on LSP 
Grouping preference score on LSP 
Posture preference score on LSP 
Mobility preference score on LSP 
Sound Preference score on LSP 
Lighting Preference score on LSP 
Temperature Preference score on LSP 
Standard score of first letter of MBTI type 
Standard score of second letter of MBTI type 
Standard score of third letter of MBTI type 
Standard score of fourth letter of MBTI type 
Extroversion raw score 
sensing raw score 
I 
LSP 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Database 
2 
MBTI/CMI 
X 
X 
X 
X 
X 
X 
3 
Admissions 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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continued 
Name Description 
M7 Thinking raw score 
M8 Judging raw score 
M9 Introversion raw score 
M10 Intuition raw score 
Mll Feeling raw score 
M12 Perceiving raw score 
PS1 Achievement score on Biology 110 computer-managed 
tests, first try total for entire course, 
percentage 
PS2 Achievement score on Biology 110 computer-managed 
tests, best try total for entire course, 
percentage 
Rank Subject's rank in college 
R1->R23 Raw scores on LSP variables, same name as 
C1-C23, above 
Sex Subject's sex 
SSN Social Security Number 
Type MBTI psychological 4 letter type 
T1 First letter of MBTI type 
T2 Second letter of MBTI type 
T3 Third letter of MBTI type 
T4 Fourth letter of MBTI type 
V1->V126 Items on the Learning Style Profile 
*C1->C23=standard score 
Database 
1 2 
LSP MBTIlCMI 
I X 
I X 
I X 
I X 
I X 
I X 
I 
I X 
I 
I 
I X 
I 
I 
X I 
I 
X I 
X I X 
I X 
I X 
I X 
I X 
I X 
X I 
3 
Admissions 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I X 
I 
I 
I 
I X 
I 
I 
I 
I 
I 
I 
m 
m 
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FORMATION OF DATA BASE 
During winter Quarter 1988, 1053 students enrolled in 
40 recitation sections of the NMBC c:.t The Ohio state Univer-
sity. These students were the primary populatiJn studied in 
this research. 
During t;le first week of winter Quarter, 1988, the 
Biology 110 recitation instructors, who had been briefed (in 
person, to most of them, and by written communication) by 
this researcher as to the details of administering the Learn-
ing Style Profile administered the instrument to the stu-
dents. Each student who took the LSP recorded his/her name, 
sex, rank, race, birthdate, social security number, and 
recitation section. Responses produced by the 126 items on 
the LSP were recorded on the National Association for Secon-
dary School principals (NASSP) answer sheet. Changes were made 
from instructions for filling out and the answer sheet given 
in the Examiner's Manual for the college population. For 
example, the eight digit identification number on the LSP 
answer sheet was adapted for nine digit social security 
numbers (Appendix G, number 4 addresses those changes). 
The NASSP answer sheets were optically scanned at the 
Testing center of The Ohio state University and processed by 
a scoring program written by Dr. John Monk, Grant Hospital, 
Columbus, Ohio. This scoring program created an on-line data 
file containing the raw LSP data and the scored LSP data, 
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which consisted of scores in all 23 of the LSP subscales. 
Students who attended recitation during the first week, 
who voluntarily took the MBTI home, and then returned it 
during recitation the second week, composed the population 
that took both the LSP and the MBTI. The MBTI responses were 
recorded by students on NCS answer sheets and were scored on 
an NCR microcomputer with a BASIC program (GWBASIC Manual, 
Version 1.4 ). (A display of an answer sheet and the report 
produced by the program is also in Appendix H.) 
Performance data from The Ohio State University's 
Phoenix computer-managed testing system (managed and operated 
by the Center for Teaching Excellence at The Ohio State 
University) were collected daily, by quarter, as the students 
took tests. A single student record of achievement is dis-
played in Appendix J. 
Student performance data were computed for the quarterly 
point total for the cumulative first test try and for the 
final cumulative best test try. The final score is expressed 
as a percentage. The actual cumulative best try point total 
was computed as a percentage of the total points possible 
(406) for the quarter. For example, a best test total of 101 
points would yield a 25% score in the NMBC. (Point total 
information for each letter grade is included on page 11 of 
the Facilities, Policies and Procedures for the NMBC, 
Appendix D.) Point total figures for first try were deter-
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mined by adding all first test results on the student record 
(Appendix J) and dividing by the possible total, 406. For 
exampl·~, a first test total of 247 would yield a 61%. These 
two point figures compose the variables, PSI (performance 
score first try) and PS2 (performance score best try). 
Demographic information [as displayed in the variables table 
(3.2) 1 for the students corresponding to each social security 
number was collected. Rank and race information were sought 
to determine if there was any difference in achievement 
because of these variables. College and major were obtained. 
Almost every college in the university was represented and 
the majors were too numerous to be useful, so these data were 
not used in the study (A listing of college majors is pre-
sented in Appendix K). The most numerous majors listed were 
unknown, 142; education, 90; pre-nursing, 27; home economics, 
27; accounting, 26; agriculture (economics, education, 
undecided), 26; business, 58; pre-pharmacy, 35; and pre-
physical therapy, 37. 
Population 
Total Number of Students 
on Third Week Roster 
1053 
Students Who 
Returned MBTI (2nd Class Mtg.) 
769 (83% response rate) 
Males = 252 
70 
Students Who Took LSP 
) 922(lst Class Mtg.) 
Students Who Took 
Both LSP and MBTI 
Females = 405 ~~~~~ ______ __ 
Sex Unknown = 16 ________ 673 
Descriptive Statistics 
Chi Square (SRTT*) 
t-tests 
Scores <60% = 197 ~ 
Scores >60% = 476 
SAMPLE SIZE for other statistics 
Scores <60% = 158 
Scores >60% = 400 
558 - no missing values ~ - Factor Analysis 
_____________ Pearson Correlation 
Canonical Correlation 
Logistic Regression 
*Selection Ratio Type Table 
Figure 4. Schema of population, Sample and Types of Statist-
ical Procedure 
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summary of components of Data Base 
The subjects of the admissions data, and the limit of 
them, are the volunteer students enrolled in the NMBC who 
chose to take the Learning Style Profile. Approximately 125 
students listed on the third week rosters did not take the 
LSP. These students were not tracked for their ultimate 
success or failure in the course, their learning style, or 
any other of the variables selected for analysis. 
Attendance records show that as any given quarter pro-
gresses, attendance declines in the recitation sections. 
The learning style instruments were given during the first 
class recitation meeting (see course schedule in the syllabus 
in Appendix A) in the hopes of getting the greatest number 
of students to participate. Additionally, bonus points were 
given to the students, for each instrument completed, to 
elicit their participation. Still, participation in the 
learning style research was voluntary; therefore, it is not 
surprising that one tenth of the enrolled group chose not to 
participate. 
This data base described then formed the basis for the 
research. The number of students who took the LSP differs 
from the number of students who took the MBTI. The students 
took the LSP in class. In the interest of instructional time, 
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they were given the MBTI to take home and voluntarily submit 
it for credit. 
STATISTICAL PROCEDURES 
Descriptive statistics were performed on the raw and 
scaled scores of both instruments including mean scores and 
standard deviations of raw and scaled scores of the LSP. 
Frequencies of MBTI types have been determined as well as 
performance by MBTI types. Two special populations of stu-
dents have been given close examination, students who took 
both instruments, the LSP and the MBTI, and who scored less 
than sixty percent (N=197) on the computer-managed test 
system or who dropped the course after staying in class 
through the second week but before ever attempting a com-
puter-managed test. 
The computer-managed test system is the way students 
receive 92% of their final score during a regular quarter in 
the NMBC, a quarter in which bonus points for taking the LSP 
and MBTI are not offered. These special populations illumi-
nate just which combination of learning style variables, from 
personality components to instructional preferences, social 
interactions and information processing skills, are most at 
risk in this biology course for non-maj ors. statistical 
procedures used to study these and other populations help 
answer the question regarding whether or not, as curry (1983) 
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suggests, the personality component of learning style can 
predict the other components in the learning style framework. 
SELECTION RATIO TYPE TABLE (SRTT) ANALYSIS 
Macdaid (1987) writes that one of the most common hypo-
theses in MBTI type research addresses whether certain types 
are found more fre~uently in a given sample than would be 
expected in a base population. The appropriate analysis is 
a two-by-two contingency table analysis, in which the columns 
are a given MBTI type vs all other MBTI types; the rows are, 
for the analyses described herein, non-majors in biology vs 
various other comparison groups. Macdaid describes the null 
hypothesis: if type does not affect selection into the sam-
pIe, then the proportion of any type observed in the sample 
will not differ from the proportion of that same type in a 
reference population (p. 254). This analysis tests to see 
if the observed frequencies are the same or different than 
expected frequencies. A chi-square statistic is calculated 
for the hypothesis test; if the probability of the calculated 
chi- square value is less than the alpha level chosen (p < 
.05), then rejection of the null hypothesis occurs. It is 
then possible, according to Macdaid, to conclude that type 
factors are significant in that particular sample. Samples 
in this study for the SRTT analysis are the total non-major 
group, males in the non-maj or group, and the group whose 
I: 
.,1 
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final cumulative computer test score was less than .60%. 
comparative groups are biology majors and male science stu-
ctents reported by McCaulley (1977), biologists (CAPT, 1986), 
ilnd the group whose final cumulative computer test score was 
equal to or greater than 60%. 
The chi-square analyses for tte study were completed by 
Dr. Leverne Barrett, Department of Agriculture Education at 
The University of Nebraska, an experienced MBTI user (Provost 
& Anchors, 1987, pp. 278-9), using the selection Ratio Type 
Table (SRTT) computer program . 
ADDITIONAL STATISTICAL PROCEDURES 
Other statistical procedures used in the study included 
ANOVA descriptive statistics (means and standard deviations) , 
Pearson correlation coefficients, factor analysis, canonical 
correlation and logistic regression. All procedures were 
performed on The Ohio State University Computing System, IBM 
3081, using the SAS programming language. 
SUMMARy 
This chapter describes the overall design of the study. 
The chapter includes: a description of Biology 110, the NMBC, 
an audiotutorial computer-managed course for non- majors in 
biology at The ohio State University.; descriptions of both 
learning style instruments used in the study, Learning Style 
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Profile and Myers-Briggs Type Indicator; and descriptions of 
test administration plans. 
Chapter III describes how the data base was formed and 
merged to complete the analysis of the data. The final 
portion of the chapter describes the statistical procedures 
used to obtain the results, which are presented in the next 
chapter. 
CHAPTER IV 
RESULTS 
ORGANIZATION OF THE CHAPTER 
This chapter is organized in six sections: 
1. Descriptive information on the population and the sample 
subjects in the study, presented in tabular form, and 
followed by explication when needed. 
Descriptive statistics of the two instruments, Learning 
Style Profile (LSP) and Myers-Briggs Type Indicator 
(MBTI), for the subjects in the population studied. 
Hypotheses 1, 2, 3 and 4 are addressed in section two. 
Analysis of the cognitive process components of a sample 
of the achievement test questions, with concommitant 
student cognitive process scores as measured by the 
Learning Style Profile. Hypothesis 5 is addressed in 
section three. 
Results of canonical correlation, a test of Hypothesis 
6. Correlation coefficients, factor analysis, and 
logistic regression results are presented. 
List of findings of educational importance. 
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DESCRIPTIVE INFORMATION OF STUDENT POPULATION 
Student background information provided by the 
admissions office is presented in Tables 12 through 13. Rank 
frequencies of those students enrolled in the course and 
those who took both learning style instruments are presented 
in Tables 12 and 13. Over half of the population (54.2%) ~eld 
the rank of freshman; another 27.6% were sophomores, with 
fewer at other undergraduate levels. About 3% of the 
population were nontraditional, including continuing 
education, non-degree, and graduate students. 
Race frequencies of students enrolled in the course and 
those who took both learning style instruments are presented 
in Tables 4.3 and 4.4. Almost 83 percent of the population 
was white, as were over 89% of the students who took both 
,learning style instruments. Blacks constituted 5.5% of the 
population and 5.2% of the tested sample. 
TABLE 12 
RANK DISTRIBUTION OF POPULATION OF 
NON-MAJOR UNDERGRADUATES IN BIOLOGY 
Rank Po):ulation Percent of 
Freshman 486 54.2 
Sophomore 247 27.6 
Junior 86 9.6 
Senior 46 5.1 
Nontraditional" 31 3.5 
Total 896 100.0 
Unidentified'b 157 
Total on Rosters 
3rd Week 1053 
Total 
============================================== 
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" Includes continuing education, non-degree, 
and graduate students 
'b Unidentified students were of two categories--
those whose SSNs were illegible on LSP (n=-60) 
or those who did not take LSP (n=-97) 
TABLE 13 
RANK DISTRIBUTION OF STUDENTS WHO TOOK BOTH 
LEARNING STYLE PROFILE AND 
MYERS-BRIGGS TYPE INDICATOR 
Rank Population 
Freshman 
Sophomore 
Junior 
Senior 
Nontradi tional" 
Total 
Missing Cases 
360 
175 
64 
33 
24 
656 
17 
673 
Percent of Total 
54.9 
26.7 
9.8 
5.0 
5.6 
100.0 
============================================= 
" Includes continuing education, non-degree, 
and graduate students 
TABLE 14 
RACE DISTRIBUTION OF POPULATION OF 
NON-MAJOR UNDER~RADUATES IN BIOLOGY 
Race 
Am Ind/AK NA 
Asian/Pac Is 
Black 
Hispanic 
None Given·' 
White 
Frequency 
2 
23 
53 
2 
84 
792 
Total 956 
Unidentified~ 97 
Total on Rosters 
3rd Week 1053 
Percent 
of total 
0.2 
2.4 
5.5 
0.2 
8.8 
82.8 
100.0 
============================================ 
., Admissions Office has no race data on student 
~ Unidentified students were of two categories: 
those whose SSNs were illegible on LSP (n=-60) 
or those who did not take the LSP (n=-37) 
TABLE 15 
RACE DISTRIBUTION OF STUDENTS WHO TOOK BOTH 
LEARNING STYLE PROFILE AND 
MYERS-BRIGGS TYPE INDICATOR 
Race 
Am Ind/AK- NA 
Asian/Pac Is 
Black 
Hispanic 
None Given·' 
White 
Frequency 
2 
16 
34 
2 
17 
585 
656 
missing cases 17 
Total 673 
Percent 
of total 
0.3 
2.4 
5.2 
0.3 
2.6 
89.2 
100.0 
============================================ 
., Admissions Office has no race data on student 
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DESCRIPTIVE STATISTICS OF TWO INSTRUMENTS 
Table 4.5 contains the raw score means, standard devia-
tions and sample sizes for the non-majors it. biology and the 
twelfth grade data (only), provided from the Technical Manual 
for the Learning Style Profile (Keefe & Monk, 1988). Dif-
ferences were found between twelfth grade and college popula-
tions on subscale skills of analytic, spatial, sequential 
processing, and memory; subscale perceptual modalities of 
visual and auditory; subsea Ie orientations of persistence and 
verbal risk; subscale study time preferences of late morning 
and evening; and subscale environmental preferences of 
posture, mobility, sound, and lighting. All differences were 
significant at the level of p < 0.0001. 
Table 4.6 displays standard mean scores and standard 
deviations for all of the students who took the Learning Style 
Profile (n=922). Standard scores for the non-majors were ob-
tained using the NASSP computer Scoring Program. Standard 
scores for the twelfth grade population were not available for 
a comparison. 
Students are above average strength in spatial, categori-
zation, and sequential processing skills, while analytic skill 
Was at the median. Discrimination and memory skills for the 
non-major population were below average. 
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For perceptual modality preferences, students prefer 
visual instruction over auditory. Emotive preference is at 
the median. 
students show slightly below average preferences and 
orientations for persistence, verbal risk, and manipulative 
opportuni ties. Preferred study time is in the evening 
followed by slightly above average preferences for morning 
and afternoon study times. 
at the median. 
The late morning preference is 
Verbal-spatial preference tends slightly toward spatial, 
in agreement with above average skill in spatial ability, 
mentioned previously. The population of non-majors in 
biology prefers formal and small group instruction to 
informal large group instruction. They have a preference for 
quietness in a bright and warm environment. 
TABLE 16 
COMPARISON OF TWO POPULATIONS ON THE LEARNING STYLE PROFILE (LSP)a 
The Ohio state University 
Non-Maiors in Biology Grade 12' Difference< 
LSP Subscale Mean S.p. N Mean S.D. N Between Means 
Analytic Skill 
Spatialskill 
Discrimination Skill 
categorization Skill 
Sequential Processing Skill 
Memory Skill 
Visual 
Auditory 
Emotive 
Persistence orientation 
Verbal Risk orientation 
Manipulative Pre fence 
Early Morning 
Late Morning 
Afternoon 
Evening 
Verbal-spatial Preference 
Grouping Preference 
Posture Preference 
Mobility Preference 
Sound Preference 
Lighting Preference 
Temperature Preference 
= = 
Raw Score 
2.56 
L.n 
2.72 
10.02 
5.57 
5.11 
JL.li 
3.37 
6.68 
13.33 
11.91 
12.35 
5.81 
5.74 
10.02 
2..J!2 
3.38 
14.81 
13 .28 
12.78 
9.71 
15.68 
12.72 
1.22 
1.20 
1.44 
3.95 
0.84 
2.87 
3.07 
2.26 
2.63 
2.83 
2.93 
3.45 
1.84 
1.91 
2.36 
2.49 
1.33 
2.67 
3.30 
3.30 
3.50 
4.26 
3.60 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
922 
'=====- -== 
Raw Score 
2.97 1.52 893 
3.04 1.45 899 
2.96 1.50 902 
data not available 
5.27 1.20 902 
6.13 2.67 874 
8.79 2.95 892 
~ 2.41 892 
6.86 2.62 892 
12.79 2.68 889 
12.98 2.95 884 
12.77 3.23 889 
5.90 1.66 867 
~ 1.77 881 
9.91 1.90 864 
8.88 2.61 882 
3.46 1.75 876 
15.03 2.29 887 
12.04 2.93 880 
13.59 2.98 870 
11.93 3.52 892 
14.72 4.13 890 
12.40 3.39 889 
'Produced by National Association of Secondary School Principals, Reston, virginia 
'Technical Manual for Learning Style Profile 
**** 
**** 
NS 
**** 
**** 
**** 
**** 
NS 
**** 
**** 
NS 
NS 
**** 
NS 
**** 
NS 
NS 
**** 
**** 
**** 
**** 
NS 
~he T statistic was calculated by taking into account the difference of variability of the 
two groups 
'underline indicates which group scored higher 
****p<.OOOl 
NS = Difference not significant OJ 
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TABLE 17 
LUlUlIIiG STILE PROFILE 3lJ11.1.11f DATA 
This protile 1. tor: Noa-Io1..,o. _jor UDd.l'Iroduat.. N.922 
B1rtbdlh: ~: arod.. l!!e!: 
l5l!,: Wiot.r 1988 Sobool' Th. 01110 Stat. 1IIl1".I'.1tr £l.!!.!: B1olocr 110 
Skill.--ooa.rol app .... ob to PI'OO ••• 1D& ioto..ati00 
Sco .... S.D. \laaIc A .. e ..... Stroq 
Analytic 50.32 8.12 nln 
Spatial 53.98 12.24 I nn 
D13cr1J:a1nat1OQ 46.56 10.77 rm I 
c..tOllOl'izat1oD 56.96 7.90 I nn 
Sequential 54.30 5.47 I :an 
HlJIIOry 46.64 11.18 :an I 
POI'O.ptual .... poa ... --ioiti.l .... poa .. to ".I'bal ioto..atioa 
Visual 
Auditory 
Emotive 
Soor. 
53.87 
44.73 
49.84 
A" ..... 3troq S.D 
10.66 
9.39 
10.31 
! ___ !_=,.,..-I :an rm I!= ___ , ___ _ 
nln 
Ol'i..,tatiua. and p ... t ..... o.a--
PI'.t • .....a .... poa ... to atlldr 01' ioatruotioaal ..,.,iroaIHAt 
Persistence 
Verbal Hi" 
Manipulative 
Study TlIII.: 
Soo ... 
48.89 
48.75 
48.44 
Early Mol'l1iog 50.59 
Latl Hol'l11o& 49.57 
Att .1'I10oa 50 .69 
Eveniog 52.75 
S.D 
9.86 
9.32 
10.34 
10.74 
9.47 
9.31 
9.05 
\10&11: A., ...... 3troq 1 ____ ....:n~n~, ____ : ___ _ 
I :an 
I nn 
: _____ -=1 :an 
nln 
: ___ : ___ 1 :an 
, ___ , ___ 1 nnl, __ _ 
BiCb .o .. trol B1Ib 
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Verbal-Spat1&l 
Oroupiog 
Posture 
Mobility 
48.09 
41.50 
54.81 
48.07 
44.13 
52.1_ 
53.29 
6.93 
7.07 
10.35 
9.77 
9.36 
10.04 
10.37 
Spatial I_I---!!..I_I_I Verbal 
Sull I_I-S..-I_I_I Larg. 
SOUDd 
L1&bt1D& 
T_.roturo 
Into .... l 1_1 ___ 1 n I_I FOl"III&l 
Sti1lDosI I_I---!!..I_I_I HoV_Dt Qui.t I_I-!L-I 1 ___ 1 SOUDd 
DlIII I_I_I-S..-I_I Br18bt 
Cool I_I_I---ll-I ___ : We .... 
eoa.iat",or 100 ... , 5 Jo..ati.,. _1.: 1986 - lI&t1oaal 
NASSP--NatiOD&l Aaaooiatioa ot Soooadlrr Sobool Priooipal., R.atoD, VA 
WO&II:, Low 
01' 
BiCb 
Soale Indioatol'a 
AYO ..... 
01' 
H.utral 
Strone 
or 
H1Ib 
1 __ 1_1 __ 1_1_1_1 __ 1_1_1 __ 1 __ 1 __ 1 
< 30- 36- 41- __ - 48- 52 53- 67- 60- 65- > 
30 35 ~ 43 U H ~ ~ ~ 70 
Standii'd Soo... Ranc. 
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COMPONENTS OF PERSONALITY TYPE AMONG NON-MAJORS IN BIOLOGY 
Table 18 presents frequencies of all students by sex 
and MBTI type among the non-majors in biology. These 
non-major groups are compared, in hypotheses 1, 2 and 3, to 
reference populations of biology majors, science majors, and 
biologists. Wi thin S01'1e cells of Table 18, the sum of female 
and male Ns is less than the reported N because 2% of the 
respondents did not report their sex. Therefore, sex is known 
for only 657 of the 673 non majors. 
Table 19 presents summary data for single letter prefer-
ences (figures reported are percents) for the non-major 
population in this study. In the non-major population, 61.4% 
are E and 38.6% are I. 60.6 % are Sand 39.4% are N, 40.9% 
are T and 59.1% are F, and 50.1% are J and 49.9% are P. 
Thus the largest percentages of each dimension produce 
a profile of the non-major in biology: Extroverted, Sensing 
and Feeling (ESF-). The J-P dimension, for the total popula-
tion, is almost equally divided in this analysis. 
COMPONENTS OF PERSONALITY TYPE IN THE GENERAL POPULATION 
Original estimates of the personality components by 
Myers can be observed in Table 20. Actual figures, by 
MCCaulley, of personali ty components in the overall 
population, are presented in Table 21. Tables 20 and 21 are 
provided for comparison with the non-major population. No 
statistical 
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TABLE 18 
MBTI FREQUENCY DISTRIBUTION 
NON-MAJOR UNDERGRADUATES IN BIOLOGY 
Population Size = 673* 
1 1 1 
1 ISTJ 1 ISFJ ~NFJ INTJ 1 
1 1 1 
1 F=18 1 F=51 F=8 F=5 1 
1 Me'31 1 M=ll M=8 M=6 1 
1 1 1 
1 N=49 %=7.3 1 N=6" %=9.5 N=16 %=2.4 N=ll %=1. 61 
1 1 1 
1 1 1 
1 ISTP 1 ISFP INFP INTP 1 
1 1 1 
1 F=5 1 F=22 F=14 F=10 1 
1 M=18 1 M=19 M=14 M=14 1 
1 1 1 
1 N=26 %=3.9 1 N=.42· %=6.2 N=28 %=4.2 N=24 %=3.61 
1 1 1 
1 1 1 
1 ESTP 1 ESFP ENFP ENTP 1 
1 1 1 
1 F=13 1 F=39 F=58 F=22 1 
1 M=28 1 M=15 M=21 M=14 1 
1 1 1 
1 N=4,2 %=6.2 1 N=54 %=8.0 N=83 %=12.3 N=37 %=5.51 
1 1 1 
1 1 1 
1 ESTJ 1 ESFJ ENFJ ENTJ 1 
1 1 1 
1 F=25 1 F=67 F=35 F=13 1 
1 M=31 1 M=4 M=3 M=15 1 
1 1 1 
1 N=58 %=8.6 1 N=73 %=10.8 N=38 %=5.6 N=28 %=4.21 
1 1 1 
*Female =405, %= 60 
Male =252, %= 37 
Sex unknown 
-
%= 2 
Total 100 
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TABLE 19 
COMPARISON OF SUMMARY DATA FOR "PERSONALITY TYPE COMPONENTS" 
NON-MAJOR UNDERGRADUATES IN BIOLOGY 
Composite 
b~ ~ I 
I 
I 
I 
F I 
I 
M I 
= 
composite 
by % I 
Population Sample = 673 
E I I S N I I lJ: I J P 
/ I I 
61. 4 38.61 60.6 39.41 40.9 59.11 50.1 49.9 
I I / 
67.2 32.81 59.3 40.71 27.4 72.61 54.8 45.2 
I I I 
52.0 48.01 62.3 37.7/ 62.3 37.71 43.3 56.7 
--
TABLEZO 
GENERAL POPULATION FREQUENCY ESTIMATES 
BY COMPONENT OF PERSONALITY TYPE 
(Myers in McCaulley et al .. 1985) 
E I S 
75.0 25.0 75.0 
N I T F J P 
/ 
25.01 60.0 65.0 155-60.0 40-45.0 
I MalesFemalesI Myers reports 
this range 
=================== 
- - -- ----== 
TABLE 21 
GENERAL POPULATION FREQUENCIES BY COMPONENT OF PERSONALITY TYPE 
(McCaulley et al., 1985) N - 50,000 
Composite 
by % I E I S N T F J P 
I 
Females I 59.7 40.3 67.8 32.2 34.6 65.5 59.8 40.2 
I 
Males I 53.9 46.1 65.6 34.4 65.0 35.0 59.3 42.7 
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comparisons have been attempted because Myers' figures are 
only estimates and McCaulley did not report separate Ns for 
females anc' males. These general population data are 
presented for interest only and should not be confused with 
the McCau:Cley studies of biology ma~ors and male science 
majores presented in testing of hypothesis one and two. 
A few generalizations can be made from visual 
observation of the data, however. In comparison to the 
general population, the non-majors group has fewer Extroverts 
(61.4%) than Myers reports (75%). McCaulley et al. (1985) 
report about the same frequencies of the E-I scale as those 
found in the non-major population. The non-majors include 
fewer sensing (8) individuals (60.6%) than reported by Myers, 
estimates (75%) or by McCaulley's population (67.8% or 
65.6%). The thinking-feeling dimension (T-F) differs little 
among the three groups. 
The J-P dimension is divided more equally in the 
non-major population (J=50.1%, P=49.9%) than in either the 
MCCaulley or the Myers populations, which favor J (Myers, 
55-60% J range; McCaulley around 60% for both males and 
females) . 
A major difference occurs in the male population on the 
J-p scale between non-maj ors and McCaulley's males. Non-maj or 
males are 43.3% J compared to 56.7% P. For McCaulley the 
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reverse is true: among males in the general population, 42.7% 
are P while 59.3% are J. 
COMPARISON OF THREE POPULATIONS ON THE MBTI 
Table 4.11 displays percentages of three student popula-
tions, from which hypotheses 1-3 were tested. As soon as it 
became obvious that there was such disparity between the 
types by major, data were re-examined. This process produced 
Table 4.12 which was extracted from Table 4.11. (TO see how 
the data on Table 4.12 were obtained, add the percentages of 
persons in the first column of the row beginning with ISTJ, 
by their group (1, 2, or 3). For example, group 1, Biology 
majors percentage in the ST column is 11.0 + 4.1 + 4.1 + 5.1 
for a total in Table 4.12 of 24.3 ST for group 1, biology 
majors. ) 
Table 4.12 contains information about the percentages 
of two-letter combinations of perception [ Sensing (S) and 
Intuition (N») and judgment, [Thinking (T) and Feeling (F»), 
in the three student populations. These comparisons and 
differences guided the hypotheses testing which follows. 
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TABLE 22 
COMPARISON OF THREE POPULATIONS ON THE MBTI 
1 Biology majors N=98 (McCaulley, 1977) 
2 Male Science majors N=705 (McCaulley, 1977) 
3 Non-majors in Biology N=673 (The Ohio state University, 
1988) 
/ / 
/ rSTJ rSFJ / rNFJ rNTJ 
1/ N=11 %=11.0 N=8 %=8.2 / N=2 %=2.0 N=6 %=6.1 
/ / 
2/ N=39 %=5.5 N=12 %=1.7 / N=44 %=6.2 N=128 %=18.2 
/ / 
3/ N=49 %=7.3 N=64 %=9.5 / N=16 %=2.4 N=11 %=1.6 
/----------- -----------/----------- ------------
/ / 
/ rSTP rSFP / rNFP rNTP 
1/ N=4 %=4.1 N= 5 %=5.1 / N=11 %=11.2 N=4 %=4.1 
/ / 
2/ N=18 %=2.6 N=15 %=2.1 / N=58 %=8.2 N=123 %=17.4 
/ / 
3/ N=26 %=3.9 N=42 %=6.2 / N=28 %=4.2 N=24 =3.6 
/ /------ -------
/ / 
/ ESTP ESFP / ENFP ENTP 
1/ N=4 %=4.1 N=4 %=4.1 / N=11 %=11.2 N=5 %=5.1 
/ / 
2/ N=12 %=1.7 N=1 %=0.1 / N=55 %=7.8 N=79 %=11.2 
/ / 
3/ N=42 %=6.2 N=54 %=8.0 / N=83 %=12.3 N=37 %=5.5 
/ ,----------- -----------
/ / 
/ ESTJ ESFJ / ENFJ ENTJ 
1/ N=5 ~c %=5 . 1 N=6 %=6. 1 / N=4 %=4 . 1 N=8 %=8.2 
/ / 
2/ N=13 %=1.8 N=8 %=1.1 / N=27 %=3.8 N=73 %=10.4 
/ / 
3/ N=58 %=8.6 N=73 %=10.8 / N=38 %=5.6 N=28 %=4.2 
, /------ ---------
TABLE 23 
PERCENTS AND COMPARISON OF TWO LETTER COMBINATIONS 
OF PERSONALITY COMPONENTS OF THREE POPULATIONS 
ON THE MBTI 
1 Biology Major N=98 (McCaulley, 1977) 
2 Male Science Major N=705 (McCaulley, 1977) 
3 Non-majors in Biology N=673 (The Ohio State University, 
1988) 
Students by Major Percent 
ST Si' NT 
1) Biology Major 24.3 23.5 23.5 
2) Male Science Major 11.6 5.0 57.2 
3) Non-Majors in Biology 26.0 34.5 14.9 
Comparisons of Z 
1) vs 2) 3.48*** 6.61*** -6.26*** 
1) vs 3) -0.36 NS -2.16* 2.17* 
2) vs 3) -6.86*** 13.84*** 16.30*** 
• Refer to Table 2.3 to facilitate interpretation. 
NSNo significant difference 
*Significant difference, p<.05 
***Significant difference, p<.OOl 
NF 
28.5 
26.0 
24.5 
0.53 NS 
0.85 NS 
0.64 NS 
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The information in Lawrence's Table 5 (p. 43) describes what 
kind of learning preferences can be expected by persons with 
these two letter combinations of perception and jUcigement 
functions. 
The most obvious difference is between the percentages 
of NTs and SFs among the groups. Non-majcrs are only 14.9% 
NT, while biology majors are 23.5% (p <.05). Science majors 
(all males) are 57.2% NT compared to non-majors (p < .001). 
Because T is more frequent in males, a somewhat larger 
percentage is expected, but it is not likely that all of the 
difference can be explained by gender. It is more likely 
that the choice of science major is a factor in the 
concentration of intuitive (N) and thinking (T). Gable (1985) 
reports (Table 7, p.40) that 100% of research scientists are 
the NT combination. 
The largely SF non-major (around 60% of both Sand F, 
from Table 4.8, p. 98) is opposite in psychological type from 
the traditional male science maj or, who is largely NT. 
Non-maj ors in in biology are 34.5% SF, while the biology 
majors are 23.5% SF (p < .05). Greater differences are 
observable between SF male science maj ors (5.0%) and the 
34.5% SF non-majors (p < .001), as well as between SF biology 
majors (23.5%) and SF male science majors (5.0%) (p < .001). 
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COURSE DEMANDS 
An explanation, based on Lawrence's (1984) data, 
presented in Table 5 (p. 38) is that the ST and the NT types 
in the NMBC probably find the course to their liking. The 
course provides most of the components listed by Lawrence as 
desired preferences by both of these two-letter types: for 
the ST - labs, television (videotapes are shown weekly in the 
recitation sections, see course calendar in Appendix A), 
having a plan and sticking to it; for the NT - organized 
teacher lectures, self instruction, reading and 
systematically organized courses. The description preferred 
by the NT fits the description of the NMBC, in this 
researcher's view. 
The SF and NF type preferences for learning contain some 
elements that are in the NMBC: SF -television, films and 
videotapes, all mimic the videotapes shown in recitation, and 
having a study schedule. However, missing elements are 
student involvement in demonstrations, presentations, and any 
instruction with personal involvement. 
NF types are at a disadvantage in that none of the 
learning preferences that Lawrence found are available in the 
NMBC. According to Lawrence (1984), the NF type really 
dislikes impersonal, didactic instruction without any oppor-
tunity for personal involvement or feedback from others. NF 
types value other students' participation and opportunities 
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to be creative. There is no provision in the NMBC for any 
of these components of learning that are valued and preferred 
by the NF learner. 
HYPOTHESIS 1. There is no difference in the distribution of 
psychological types. as measured by the Myers-Briggs Type 
Indicator. among the non-majors in the NMBC and among majors 
in biology (McCaulley. 1977). 
A comparison of the non-majors in the present study with 
majors in biology reported by Mccaulley (1977) is presented 
in Table 4.13. The Selection Ratio Type Table (SRTT), 
described in Chapter III, was used to perform chi-square 
analysis for the non-majors in this study with the majors in 
biology. 
The "I" selection index shown displays the selection 
index of the various types. Next to the selection ratio is 
a symbol (*) which denotes the level of significance reached. 
The lack of a symbol (*, ** or ***) means that the selection 
ratio index for that type combination failed to reach the 
lowest level of significance and therefore does not differ 
from the base popUlation. 
Reference samples used in this study (H1, H2, and H3) 
are biology majors, science majors, and biologists (CAPT 
Atlas of Type Tables, 1986). For the students whose final 
cumUlative computer test score was <60%, the reference 
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population was the students whose final cumulative computer 
test score was 60% or greater (H4). 
TABLE 24 
COMPARISON" OF NON-MAJORS ( 1) IN BIOLOGY (N=673) 
WITH MAJORS" (2 ) n: BIOLOGY (N=98) 
I ISTJ I .. ISFJ INFJ INTJ 
I I 
1 I N=49 %=7.3 I N=64 %=9.5 N=16 %=2.4 N=11 %=1.6 
I I 
2 I N-11 %=11.0 I N=8 %=8.2 N=2 %=2.0 N=6 %=6.1 
I I 
I I=0.65 I I=1.16 I=1.16 I=0.27** 
I I 
I ISTP I ISFP INFP INTP 
I I 
1 I N=26 %=3.9 I N=42 %=6.2 N=28 %=4.2 N=24 %=3.6 
I I 
2 I N=4 %=4.1 I N=5 %=5.1 N=l1 %=11.2 N=4 %=4.1 
I I 
I I=O.95 I I=1. 22 I=0.37** I=0.87 
I I 
I ESTP I ESFP ENFP ENTP 
I I 
1 I N=42 %=6.2 I N=54 %=8.0 N=83 %=12.3 N=37 %=5.5 
I I 2 I N=4 %=4.1 I N=4 %=4.1 N=ll %=11.2 N=5 %=5.1 
I I 
I I=1. 53 I I=1. 97 I=1.10 I=1.08 
I I 
I ESTJ I ESFJ ENFJ ENTJ 
I I 1 I N=58 %=8.6 I N=73 %=10.8 N=38 %=5.6 N=28 %=4.2 
I I 2 I N=5 %=5.1 I N=6 %=6.1 N=4 %=4.1 N=8 %=8.2 
I I 
I I=1. 69 I I=1.77 I=1.38 I=0.51 I I 
'Legend: % = percentof total choosing this group who fall into 
this type. 
I = self selection index; ratio of % of type in group 
to % in sample 
* = p<.05 
** = p<.01 
~. *** = p<.001 
~CCaulley, (1977) 
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There are only two of the 16 types that show significant 
differences: two introverted intuitive types, (INTJ, INFP) 
are significantly less represented in the non-major group 
than in the biology major group. significance of p < .01 is 
inCicated by the index of 0.27 for the INTJ (see legend on 
Table 24). Likewise the Index of 0.37 for the INFP demon-
strates that non-majors in biology compose significantly less 
of this type than do biology majors reported by McCaulley. 
The index for the INFP is significant at the 0.01 level. 
These data present evidence that the psychological types 
of the non-major in biology are significantly different than 
the psychological types of the major in biology. Therefore, 
hypothesis one is rejected. 
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HYPOTHESIS 2. There is no difference in the distribution of 
psychological types. as measured by the Myers-Briggs Type 
Indjcator, among the male non-majors in Biology 110 and male 
sci~nce m?jo~s (McCaulley. 1977). 
BeCd1..Se all of Mccaulley's science major data were from 
male responde.lts, the non-majors were separated by sex and 
only male non-science majors were used for the SRTT 
chi-square comparison. These data are presented in Table 
25. Because of the large number of comparisons performed in 
this table, higher significance levels (p < .003) are 
necessary to detect experimentally based alphas of .05. 
Eleven of the 16 types show significant differences 
between the two groups. The types that are significantly 
less represented in the non-major in biology group are INTJ 
(p < 0.001), INTP' (p < 0.001), ENTP (p < 0.01), and ENTJ (p 
<0.05). Less representation among these four groups is 
demonstrated by the index (I) value less than one. All four 
of these groups share both the intuitive (N) and thinking 
jUdgement (T) dimensions, described by Gable (1985) as the 
most commonly found types among research scientists. Groups 
Which are significantly more represented in the non-major 
population than in the science major population are ISTJ (p 
< 0.01), ISFJ (p < 0.01), ISTP (p < 0.001), ISFP (p < 0.001), 
ESTP (p < 0.001), ESFP (p < 0.001), and ESTJ (p < 0.001). The 
indices and levels of significance are high in all of these 
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groups. That is, any index number greater than one indicates 
that there is a ratio of that number, to one, in the 
experimental group compared to t!1e reference group. For 
example, for the ISTJ there are 2.22 times as many 
represented in the non-major group than in the science major 
group. 
Five of the eight Sensing types are significantly more 
represented in the non-major population than in the science 
major population. Two other S types (FSTJ and ISFJ) are at 
the level of p < .01. The ESFJ shows no significant 
difference. The ESTP and ESTJ show a ratio of almost seven 
to one non-majors to majors in science. The ESFPs, with a 
ratio of 41.96, are extremely more represented in the 
non-major population. This could demonstrate that the ESFP 
is most different from science majors. 
These data support Gable's (1985) data. Hypothesis 2 
is rejected. 
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TABLE 25 
COMPARlS0Na OF MALE NON-MAJORS IN BIOLOGY (1) (N=252) 
WITH MALE SCIENCE MAJORSb (2) (N=705) by MBTl TYPE 
/ ISTJ ISFJ INFJ / INTJ / 
/ / / 
1/ N=31 %=12.3 N=11 %=4.4 N=8 %=3.2/ N=6 %=2.4 1 
/ / / 
2/ N=39 %=5.5 N=12 '1"=1.7 N=44 %=6.2/ N=128%=18.2/ 
/ / / 
/ 1=2.22** 1=2.56** 1=0.51 / 1=0.13*** / 
/ / / 
/ ISTP ISFP INFP / INTP / 
/ / / 
1/ N=18 %=7.1 N=19 %=7.5 N=14 %=5.6/ N=14 %=5.6/ 
/ / / 
2/ N=18 %=2.6/ N=15 %=2.1 N=58 %=8.2/ N=123%=17.4/ 
/ / / / 
/ 1=2.80*** / 1=3.54*** 1=0.68 / 1=0.32*** / 
/ / / / 
/ ESTP / ESFP ENFP / ENTP / 
/ / / / 
1/ N=28 %=11.1/ N=15 %=6.0 N=21 %=8.3/ N=14 %=5.6/ 
/ / / / 
2/ N=12 %=1. 7/ N=l %=0.1 N=55 %=8.3/ N=79 %=11.2/ 
/ / / / 
/ 1=6.53*** / 1=41.96*** 1=1.07 / 1=0.50** / 
/ / / / 
/ ESTJ / ESFJ ENFJ / ENTJ / 
/ / / / 
1/ N=31 %=12.3/ N=4 %=1.6 N=3 %=1.2/ N=15 %=6.0/ 
/ / / / 
2/ N=13 %=1.8/ N=8 %=1.1 N=27 %=3.8/ N=73 %=10.4/ 
/ / / / 
/ 1=6.67*** / 1=1. 40 1=0.31 / 1=0.57* / 
/ / / / 
'Legend: % = percentof total choosing this group who fall 
into this type 
I = self selection index; ratio of % of type in 
group to % in sample 
* = p<.05 
** = p<.Ol 
*** = p<.OOl ~cCaulley, (1977) 
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HYPOTHESIS 3. There is no difference among the distribution 
of psychological types. as measured by the Myers-Briggs Type 
Indicator. among non-majors in biology and biologists (CAPT 
Atlas of Type Tables. 1986). 
Table 26 presents the comparison of non-majors in 
biology with biologists. Groups that are represented 
significantly less in the non-major population are INTJ, 
INFP, and ENTJ. These data support Gable's data on Table 7, 
page 40. They also relate to Tables 24 and 25 in this study: 
that there are significant differences among non-major 
students who are not biology majors and science majors, 
either students or professional biologists. The differences 
are in psychological types, which curry (1983) states is the 
core of a person's learning style. Hypothesis 3 is rej ected. 
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TABLE 26 
COMPARISOW OF NON-MAJORS IN BIOLOGY (1) (N=673) 
WITH BIOLOGISTS' (2) (N=57) 
ISTJ ISFJ INFJ INTJ 
1 N=49 %=7.3 N=64 %=9.5 N=16 %=2.4 N=ll %=1. 6 
2 N=7 %=12.3 N=3 %=5.3 N=4 %=7.0 N=5 %=8.8 
I=0.59 I=1. 81 I=0.34 I=0.19** 
ISTP ISFP INFP INTP 
1 N=26 %=3.9 N=42 %=6.2 N=28 %=4.2 N=24 %=3.6 
2 N=O %=0 N=O %=0 N=6 %=10.5 N=5 %=8.8 
I=O.O I=O.O I=0.40* I=1. 41 
ESTP ESFP ENFP ENTP 
1 N=42 %=6.2 N=54 %=8.0 N=83 %=12.3 N=37 %=5.5 
2 N=l %=1.8 N=2 %=3.5 N=2 %=3.5 N=4 %=7.0 
I=3.56 I=2.29 I=3.51 I=0.78 
ESTJ ESFJ ENFJ ENTJ 
1 N=58 %=8.6 N=73 %=10.8 N= 38 %=5.6 N=28 %=4.2 
2 N=5 %=8.8 N=3 %=5.3 N=3 %=5.3 N=7 %=12.3 
I=0.98 I=2.06 I=1.07 I=0.34** 
'Legend: % = percent of total choosing this group who fall into 
this type 
I = self selection index; ratio of % of type in group 
to % in sample 
* = p<.05 
** = p<.Ol 
*** = p<.OOl 
'Consu1ting psychologists Press. (1986) 
I 
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101 
HYPOTHESIS 4a. There is no difference in the distribution of 
psychological types, as measured by the Myers-Briggs Type 
Indicator, among the students who scor~ 60% or greater on the 
computer-managed testing system and the students who score 
less than 60%. 
Table 27 presents non-majors' achievement rank for the 
quarter final achievement score, by MBTI type. The numbers 
in the lower left hand corner of the individual types 
represent the achievement ranking. For example, in Table 
27, INFJs' achievement was highest as indicated in the lower 
left by a 1, and as indicated by a grade mean for the quarter 
of 73%. ENTPs' achievement was lowest, as indicated by a 16 
in the lower left corner and by a mean grade of 51%. 
Table 28 presents frequencies of MBTI types of two 
populations by achievement within the non-majors in biology: 
students whose final cumulative test score was less than 60% 
and students whose final cumulative test score was equal to 
or greater than 60%. A chi-square analysis of the 
combinations of the two groups is also presented in this 
table. 
Four groups show significant differences in MBTI type 
by achievement: ISTJs (p < .05) and ISFPs (p < • 01) are 
significantly less represented among students not successful 
in biology, whereas both ESFP (p < .001)and ENTP (p < .001) 
are significantly more represented among students not 
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successful in the non-major course, NMBC. Both of these 
groups occur twice as frequently in the group scoring below 
60% than in the group of successful students. Therefore 
Hypothesis 4a is rejected. 
Table 27 
SUMMARY OF STUDENT MBTI TYPES BY ACHIEVEMENT 
NON-MAJOR UNDERGRADUATES IN BIOLOGY 
I I 
I ISTJ I ISFJ INFJ , INTJ , 
I I , , 
I Meana=68.86I Mean=61.38 Mean=73.13 -I- . Mean=62.36 
I I I 
I N=49 %=7.3 , N=64 %=9.5 , N=16 %=2.4 I N,,11 %=1.6 , , 
I I , I , 
14b 19 11 I! 
I I I I 
I ISTP ISFP INFP I INTP 
I I 
I Mean=66.85 Mean=70.71 Mean" 69.25 , Hean=57.33 , 
I I 
I N=26 %= 3.9 N=42 %=6.2 , N=28 %=4.2 I N,,24 %,,3.6 , , , I , , 
15 12 13 113 , I , , , 
ESTP , ESFP ENFP I ENTP , 
I 
Mean=56.19 Mean=55.33 Mean=60.23 Mean=50.84 
, N=42 %=6.2 N=54 %=8.0 N=83 %=12.3 , N=37 %=5.5 , , , , 
, , 
114 115 111 116 
I , , 
ESTJ , ESFJ , ENFJ ENTJ , , 
, , 
, , 
Mean=59.02 , Mean=64.21 , Mean=60.92 , Mean=61.57 , , , 
, , , 
, , , 
N=58 %=8.6 , N=73 %=10.8 , N=38 %=5.6 , N=28 %=4.2 , , , 
, , , 
, , , 
112 16 110 18 
amean = g-rade average 
bposition rank among 16 types 
TABLE 28 
NON-MAJOR UNDERGRADUATES IN BIOLOGY 
COMPARISON' OF 
STUlJENTS WHOSE FINAL CUMULATIVE TEST SCORE WAS <60 (1) N=197 
AND 
STUDENTS WHOSE FINAL CUMULATIVE TEST SCORE WAS >=60 (2) N=476 
ISTJ 1 ISFJ 1 INFJ 1 INTJ 1 
1 1 1 1 1 N=10 %=5.11 N=20 %=)0.21 N=2 %=1. 0 1 N=4 %~2. 0 1 
1 1 1 1 
2 N=39 %=8.21 N=44 %=9.21 N=14 %=2.91 N=7 %=1.51 
1 1 1 1 
I=0.62* 1 I=1.10 1 I=0.35 1 I=1.38 1 
1 1 1 1 
ISTP 1 ISFP 1 INFP 1 INTP 1 
1 1 1 1 
1 N=5 %=2.51 N= 6 %=3.01 N=5 %=2.51 N=7 %=3.61 
1 1 1 1 
2 N=21 %=4.41 N=36 %=7.6 1 N=23 %=4.81 N=17 %=3.61 
1 1 1 1 
I=0.58 1 I=0.40** 1 I=0.53 1 I=0.99 1 
1 1 1 1 
ESTP 1 ESFP 1 ENFP 1 ENTP 1 
1 1 1 1 
1 N=15 %=7.61 N=23 %=11. 71 N=27 %=13.71 N=18 %=9.11 
1 1 1 1 2 N=77 %=5.71 N=31 %=6.51 N=56 %=11.81 N=19 %=4.01 
1 1 1 1 
I=1. 34 1 I=l. 79*** 1 I=1.16 1 I=2.29*** 1 
1 1 1 1 
ESTJ 1 ESF;r 1 ENFJ 1 ENTJ 1 
1 1 1 1 
1 N=18 %=9.11 N=18 %=9.11 N=12 %=6.11 N=7 %=3.61 
1 1 1 1 
2 N=40 %=8.41 N=55 %=11.61 N=26 %=5.51 N=21 %=4.41 
1 1 1 1 
I=1.09 1 I=0.79 1 I=1.12 1 I=0.81 1 
1 1 1 1 
'Legend: % = percent of total choosing this group who fall 
into this type 
I = self selection index; ratio of % of type in group 
to % in sample 
* = p<.05 
** = p<.Ol 
*** = p<.OOl 
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Hypothesis 4b. There is no difference in the mean scores of 
learning style. as measured by the 23 subscales of the 
Learning style Profile. among students whose final cumulative 
test score is 60% or greater and among students whose final 
cumulative test score for the course is 60% or greater. 
Table 29 presents mean scores of the 23 subscales of 
the LSP and is divided into two groups: those who scored less 
than 60% in the course on the computer-managed test system 
and those who scored 60% or greater. The only subscale which 
showed significant differences was spatial ability (p <.01). 
Course Demands 
The meaning of the data presented in Table 29 can be 
understood more clearly if the previous data on MBTI types 
are held in mind. sixty percent of the non-major population 
are sensing (S) types. Jensen (1987) says (Table 3, p. 35) 
that Ss learn best when they move from the concrete to the 
abstract in a step-by-step progression. It may be that the 
activities for learning biology do not include spatial 
related experiences in a step-by-step fashion adequate for 
the S learner to be successful. 
Hypothesis 4b is rejected. 
TABLE 29 
LEARNU'G STYLES* OF NON-MAJOR UNDERGRADUATES IN BIOLOGY 
Total Number of Students = 673 
Student Performance 
1 <60 1 ->60 1 
LSP Subscale 1 N=197 1 N=476 1 
IMean / S.p.IMean / S.D.I 
Analytic 1 49 8.7 1 51 7.9 1 
Spatial 1 51 12.6 1 55 11.9 1 
Discrimination 1 45 11.5 1 47 10.8 1 
c~tegorizationl 57 7.5 1 57 7.7 1 
sequent'l 1 54 5.3 1 54 5.5 1 
Proces. 1 1 1 
Memory 1 46 11.2 1 47 10.7 1 
Visual 
Auditory 
Emotive 
Persistence 
Verbal Risk 
Manipulative 
Early Morning 
Late Morning 
Afternoon 
Evening 
1 1 1 
1 53 10.2 1 55 10.8 1 
1 44 9.2 1 45 9.5 1 
1 50 10.1 1 49 10.2 1 
1 1 1 
1 48 8.7 1 49 9.8 1 
1 48 9.3 1 49 9.1 1 
1 48 9.8 1 48 10.2 1 
1 1 1 
1 51 9.1 1 51 9.7 1 
1 50 9.2 1 50 9.4 1 
1 51 8.5 1 50 9.1 1 
1 52 8.8 1 53 9.2 1 
1 1 1 
Verbal-spatial 1 48 7.4 1 48 7.0 1 
Grouping 1 41 6.5 1 42 6.8 1 
Posture 1 55 9.7 1 55 10.1 1 
Mobility 1 48 10.1 1 48 9.4 1 
Sound 1 44 8.8 1 44 9.1 1 
Lighting 1 52 10.5 1 52 9.7 1 
Temperature 1 54 10.1 1 53 10.2 1 
1 
t 1 Significance 
1 
-1. 7 1 NS 
-3.9 1 ** 
-1.3 1 NS 
0.2 I NS 
-0.5 1 NS 
1 
-LOINS 
1 
-0.9 1 NS 
-0.2 1 NS 
1. 7 1 NS 
1 
0.1 1 NS 
-0.9 1 NS 
-1.1 1 NS 
1 
0.2 1 NS 
0.7 1 NS 
1. 2 1 NS 
-1.7 1 NS 
1 
0.5 1 NS 
-0.9 1 NS 
0.7 1 NS 
-0.2 1 NS 
1. 0 1 NS 
0.31 NS 
0.6 1 NS 
---- -=====-= -=--==== ====----==---======== 
*Standard scores of students in Biology 110 at The Ohio State 
University who took both the Learning Style Profile (National 
Association of Secondary School Principals) and the Myers-
Briggs Type Indicator (Consulting Psychologists Press) 
**P<O.Ol 
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Table 30 presents type frequencies of those students 
who attended class until the second week but who never tested 
on the computer-managed test system; i.e., they dropped the 
course. Two-thirds of the students are represented in the 
bottom half of the type table, the extroverts. Another 63% 
are represented by the sensing section. These data are 
presented to help understand which types may be threatened 
by an autotutoria1 science course for non-maj ors. These 
students all stayed in the course into the second week, when 
the MBTI had to be returned, but their computer record shows 
no effort at testing, not even one try. There are 59% F 
types. These data are interesting, and again demonstrate 
that the ESF learner may be at risk in the course. (Table 
28 showed that the ESFP type is almost twice as likely to 
score below 60%.) 
I 
I 
I 
I 
I N=2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I N=5 
I 
I 
I 
I 
I 
I 
I 
I N=l 
I 
I 
I 
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TABLE 30 
NON-MAJOR UNDERGRADUATES IN BIOLOGY, 
STUDENTS WHO ATTENDED THROUGH THE SECOND WEEK 
BUT NEVER TESTED ON THE COMPUTER-
MANAGED TESTING SYSTEM, 
BY MBTI TYPE 
N=27 
I I 
ISTJ I ISFJ INFJ I INTJ 
I I 
I I 
%=7.4 I N=4 %=14.8 N=l %=3.7 I 
I I 
I I 
I I 
I I 
ISTP I ISFP INFP I INTP 
I I 
I I 
I N=l %=3.7 I N=l %=3.7 
I I 
I. I 
I I 
I I 
ESTP I ESFP ENFP I ENTP 
I I 
I I 
%=18.5 I N=2 %=7.4 N=4 %=14.8 I 
I I 
I I 
I I 
I I 
ESTJ I ESFJ ENFJ I ENTJ 
I I 
I I 
%=3.7 I N=2 %=7.4 N=2 %=7.4 I N=2 %=7.4 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
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to be in line with improvement efforts, department wide. 
unit G was chosen because of the need to find questions which 
elicited the cognitive process, analysis, one of the skills 
(analytic) measured by the LSP. Some genetics problems 
r3quire computations. To insure selection of questions which 
require the cogni ti va skil2. of analysis, this :;:esearcher 
chose some questions from unit G. 
Many objectives in the test bank are tested by multiple 
questions; many others have only a few questions per 
objective. Objectives from which to draw questions were 
systematically selected from the two units in order to obtain 
questions from each type of question classification. Since 
the number of questions per objective varies (range 2-29), 
some questions in the test bank are presented to each student 
and some probably are presented to only a few. Therefore, 
questions were selected from each classification type (Low, 
High, and Image) and from objectives with few questions and 
with many questions. 
Fifty-eic;:ht questions were thus selected to be rated 
according to cognitive processes required to answer the ques-
tion. Three raters used a form developed specifically for 
this task (Appendix L). The raters included this researcher, 
the Associate Coordinator, and the Assistant Coordinator of 
the NMBC. 
biology. 
Both coordinators have master's degrees in 
For each question rated, the raters responded as 
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to what level (on a scale of 0-4) of cognitive process was 
required, in their judgement, to answer the question. An 
at~empt was made to identify at least five questions per 
pr"cess (an3.lytic, spatial, discrimination, categorization, 
sequentidl processing, and memory). However, two problems 
emerged whic~ reduced the number of questions evaluated: 1.) 
inter-rater reliability was low, 2.) all questions required 
many processes; there were none that required only analysis, 
for example. 
six questions for which there was unanimous agreement 
as to the cognitive processes required were then selected for 
a preliminary test to determine if this line of inquiry might 
be productive, given the problems listed above. For example, 
if a question had a zero total, then all raters evaluated 
that question as having no analytic skill requirement. If 
a question had a score of 12, then all raters had given the 
question the highest possible rating (4). These extremes, 
low analytic and high analytic, were selected to perform a 
test of significance. 
The next step was to identify which students were 
presented those questions and to identify whether or not the 
student answered correctly or incorrectly. This I ist of 
questions was given to staff at the Center for Teaching 
Excellence. A systems programmer returned a master list 
providing exact identification of which student, by name and 
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computer sign-on number, was presented each of the questions 
evaluated by the three raters. This master list of 
questions, identified initially by student sign-on number, 
was used to select the student learning style profiles for 
comparison and analysis. The goal was to determine if there 
is congruence between a student's ski II level in annlysis, 
as measured by the LSP, and the student's ability to answer 
questions which require that skill. A set of hypotheses 
subordinate to hypothesis 5 are discussed below. 
An analysis of variance was performed to evaluate 
cognitive process requirements of questions in the 
computer-managed test bank and the relationship of cognitive 
process requirements and cognitive process scores of 
students. 
COGNITIVE PROCESS ANALYSIS OF THE TEST QUESTIONS 
The data from these comparisons are presented in Tables 
31 and 32. six questions from the computer-managed test bank 
were analyzed. Two questions each were from each of types 
low, high, and image. Two rating levels, high (value of 12 
which consisted of a score of 4 from each of 3 raters), and 
low (value of 0), which consisted of a score of 0 from each 
of 3 raters) were evaluated. 
Eight different students per cell, for a total of 96 
stUdents, were randomly identified, as described above, from 
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the computer-managed testing records for each of the six 
questions. The record of performance (right or wrong) for 
each student on each question was analyzed and is presented 
in Table 3l. 
An analysis of variance was performed on the question 
data by cognitive process rating (Table 32). Two each of type 
low, high and image questions were evaluated: those which 
required high analytic skill (12) and were unanimously rated, 
and those which required low analytic skill (0) and were 
unanimously rated. Two groups of students who had been asked 
these questions were formed: those who answered correctly and 
those who answered incorrectly. 
No significant differences were found (see Table 32) of 
those students' analytical scores from the analytic subscale 
of the Learning Style Profile based on anyone of the three 
major variables (question level of difficulty, amount of 
analytic ability required as determined by ratings of three 
different persons, or right/wrong answer). No significant 
differences were found in two factor interactions or three 
factor interactions. There were no significant differences 
based on the analytic score measured by the Learning Style 
Profile. Therefore, hypothesis 5 could not be rejected for 
the five items analytic scale proposed by the NASSP. (See 
Factor Analysis and subsequent ANOVA.) 
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TABLE 31 
LEARNING STYLE PROFILE FIVE ITEM ANALYTIC SCORE 
QUESTION ANALYSIS 
Analytic Subscale = five items (25, 26, 27, 28, 29) 
Question 1 High Analytic 
(BJ 
1 Low Analytic 1 
Type 1 1 1 1 1 
1 Correct 1 Incor;:ect 1 CO:";:ect 1 InSOQ;:rect 1 
1 1 1 1 1 
IMean' S1. 631 Mean 46.7SIMean 44.131 Mean 49.131 
Low 1 I I I I 
S.D. 6.801 S.D. 8.29IS.D. 9.481 S.D. 6.961 
I 1 1 1 
1 1 1 1 
Mean SO.631 Mean SO.7SIMean 49.131 Mean 48.131 
(AJ High 1 1 I I 
S.D. 11. 3S1 S.D 5.97IS.D. 6.961 S.D. 9.231 
I 1 I I 
1 1 I I 
Mean 50.631 Mean 49.25 1Mean 53.251 Mean 49.131 
Image 1 I I I 
S.D. 9.431 S.D. 7.85IS.D. 7.081 S.D. 9.401 
1 1 I 1 
'LSP analytic subscale standard score for eight SS/cell, all 
different 
TABLE 32 
ANALYSIS OF VARIANCE OF QUESTION TYPE, AMOUNT OF ANALYSIS 
(FIVE ITEMS), AND CORRECT VS INCORRECT RESPONSE 
TO MULTIPLE CHOICE TEST QUESTIONS 
Analytic Subscale = five items (25, 26, 27, 28, 29) 
Source Sum of Degrees of, F p' 
Squares Freedom value 
Question Type (A) 116.69 2 0.83 0.44 
High versus Low (B) 30.38 1 0.43 O.Sl 
analysis required 
Correct vs (C) 26.04 1 
incorrect responseAR 
0.37 0.55 
AB 68.69 2 0.49 0.62 
AC 36.02 2 0.25 0.78 
BC 24.00 1 0.34 0.56 
ABC 188.69 2 1.34 0.27 
Error S884.0 84 
114 
In the three-factor analysis of the LSP five item 
analytic scores in which the first factor was question type, 
the second factor was high versus low analytic requirement, 
and the third factor was 00rrect or incorrect response. 
There were no ma~or effects, two factor interactions nor a 
three factor int3ractioll, as shown in Table 32. 
An additional analyses of variance was performed on the 
same group of 96 students, as explained following the results 
of factor analysis presented next. 
FACTOR ANALYSIS 
Kim & Mueller (1978, p.8) describe factor analysis as 
the assumption that observed variables are linear 
combinations of some underlying factors, some of which are 
assumed to be common to two or more variables and some of 
which are assumed to be unique to each variable. The unique 
factors are then assumed to be orthogonal to each other and 
do not then contribute to the covariance between variables. 
Only the common factors contribute to the covariation among 
the observed variables. 
The linear system assumed in factor analysis, according 
to Kim & Mueller, is such that one can identify the resulting 
covariance structure without error if the underlying factor 
loadings are known. Covariance measures the extent to which 
Values of one variable tend to covary with values of another 
Variable. Covariance is actually Pearson's product-moment 
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correlation coefficient, Kim & Mueller (1978, p. 10) list 
three steps used by researchers to obtain factor analytic 
solutions: 1.) preparation of a covariance matrix; 2.) 
extraction of initial (orthogonal factors; and 3.) rotation 
to a terminal solution. 
since the LSP had never been administered to a college 
population and no normative data existed, prior to this 
study, factor analysis was chosen to attempt to add validity 
to the use of the instrument for older adolescents and 
adults. Several factor analyses were attempted, including 
one exactly like that described in the Technical Manual for 
the LSP, a 19 factor solution. 
The factor analysis results presented in Appendix N are 
the closest attempt to the NASSP 19 factor solution. The 
principal component method of factor analysis was used 
followed by varimax rotation. Following the NASSP factor 
solution, all items contributing to the perceptual modality 
preferences of visual, auditory and emotive subscales, as 
well as the categorization variables, were removed. 
Table 33 presents the results from a nine factor solu-
tion, varimax rotation, which yielded a six item factor 
loading on the LSP variable analytic subscale. Table 34 
presents the factor standard regression coefficients of all 
items which loaded with the analytic factor. Two items from 
the spatial subscale (37 and 40) loaded with the analytic 
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items. The reliability of this six item analytic scale was 
0.645. Items which loaded with analytic items are presented 
in Appendix N, along with the standard regression 
coefficients for the 19 factor solution. 
Following the six item loading of tha analytic scale, 
an acditional analYRes of variance test was performed on the 
same 96 students presented in Tables 31 and 32. A reanalysis 
of student answers based on an analytic scale composed of the 
six items which loaded together in the 9-factor solution and 
presented in Table 33 and 34. The reanalyses data are 
presented in Tables 35 and 36. 
Because no standard scores were available for this newly 
created subscale on the LSP, raw scores were used and the 
data were transformed using a square root transformation. 
Transformations are frequently done when data are not as 
continuous as desired. 
On this analysis, presented in Tables 35 and 36, a 
signficant three factor interaction was found when the data 
were transformed. There is a significant interaction between 
question level, amount of analysis required and whether or 
not the student answered the question right or wrong (p < 
.04) . 
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The three factor interaction is difficult to interpret 
but a sense of the interactions can be obtained from an 
examination of the means shown in Table 35. Generally, with 
A and B held constant and looking at mean scores of correct 
vs incorrect, the incorrect is generally lower 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
TABLE 33 
FACTOR ANALYSIS OF LEARNING STYLE PROFILE 
Factor Eigen Percent Cumulative 
Name Value Variance Percent Variance 
Persistence 4.19 .11 .11 
Sound 3.61 .09 .20 
Study Time--
Evening 3.01 .08 .28 
Lighting 2.71 .07 .35 
Grouping 2.50 .06 .41 
Temperature 2.44 .06 .48 
Manipulative 2.24 .06 .53 
Analytic 1. 96 .05 .59 
1.72 .04 .63 
---
TABLE 34 
ANALYTIC FACTOR COMPONENTS 
Item 
Number 
25 
27 
28 
29 
37 
40 
Standard 
Regression Coefficient 
.50 
.44 
.63 
.53 
.36 
.35 
========================================== 
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TABLE 35 
LEARNING STYLE PROFILE SIX ITEM ANALYTIC SCORE 
QUESTION ANALYSIS (square root transformation) 
Analytic Subscale=six items (25, 27, 28, 29, 37, 40) 
[BJ Question 1 High Analytic 1 Low Analytic 
Type 1 1 1 1 1 
1 ;:orre~t 1 IncoJ;:rect 1 CorJ;:ect 1 Incorrect I 
I I 1 1 I 
I Mean' 2.11IMean 1.45 I Mean 1.751Mean 2.011 
Low I I 1 I I 
IS.D. • 25IS.D. .93IS.D. .58IS.D • .301 
I I I I I 
I I 1 1 I 
1 Mean 2.021Mean 1.94 1 Mean 2.011Mean 1. 90 I 
[AJ High I I I I I 
IS.D. • 45IS.D .35IS.D. .33IS.D • .551 
1 1 1 I I 
I 1 I I I 
I Mean 2.061Mean 2.011Mean 2.241Mean 1. 981 
Image 1 1 1 I I 
IS.D. .36IS.D. .27IS.D. .35IS.D. .481 
I I I I I 
'LSP analytic subscale raw score for eight SS/cell, all dif-
ferent 
TABLE 36 
ANALYSIS OF VARIANCE OF QUESTION TYPE, AMOUNT ANALYSIS, 
(SIX ITEMS), AND CORRECT VS INCORRECT RESPONSE 
TO MULTIPLE CHOICE TEST QUESTIONS 
(square root transformation) 
Analytic Subscale = six items (25, 27, 28, 29, 37, 40) 
Source sum of Degrees of F P 
Squares Freedom value 
Question Type (A) 0.95 2 2.15 0.12 
High versus Low (B) 0.06 1 0.26 0.61 
analysis required 
Correct vs (C) 0.53 1 2.41 0.12 
incorrect response 
AB 0.07 2 0.16 0.85 
AC 0.05 2 0.11 0.90 
BC 0.30 1 1. 36 0.25 
ABC 1.45 2 3.28 0.04 
Error 18.57 84 
Total 21. 98 95 
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except for low level questions and low amount of analysis. 
students who missed high analytic questions from the low 
cognitive level set had lower LSP analytic scores than those 
answering correctly. students who missed the low analytic 
questions from the low cognitive level set had higher LSP 
analytic scores than those answering correctly. 
A~l cells A x B x C are basically the same except for 1) 
low question type x high analytic x incorrect (low LSP score 
of 1.45) 2) low question type x low analytic x correct (low 
LSP score of 1.75). 
It is not unexpected that those with low LSP analytic 
scores should be less successful on high analyic questions. 
It is less obvious why those with low LSP scores should be 
more successful on low analytic questions. Perhaps the use 
of analytic skills on low level recall items results in 
confusion or misinterpretation. students may read more into 
the question than is expected or may refuse to memorize 
material. 
Since a three-way interaction between question type, high 
vs low analytic requirement, and correct vs incorrect response 
was found, hypothesis five is rejected for analytic ability. 
Hypothesis five could be rejected for the other five cognitive 
processes. 
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HYPOTHESIS 6. There is no predictive ability of the 
Myers-Briggs Type Indicator, as described by curry (1983) ,in 
determining a student I s learning style as measm:ed by the 
Learning style Profile. 
PEARSON CORRELATION COEFFICIENT MATRIX 
Correlation coefficients were determined using the SAS 
procedure, PROC CORR, for all LSP, MBTI and performance 
scores. Table 37 displays the correlation matrix for the 558 
. students who took both the LSP and the MBTI and for whom there 
were no missing values. No students had missing values on the 
MBTI; only 20 students omitted 20 or more items on the 126 
items of the LSP. The 100 students deleted from the data set 
had only 1 or 2 items missing on the LSP. However, all of 
them (115) were deleted for all of the rest of the data 
analysis. 
The MBTI individual dimensions (E,I,S,N,T,F,J,P) are 
correlated with each of the 23 LSP subscales on Table 37. 
Final cumUlative performance score is in the matrix as well. 
Correlations greater than 0.05 significance level have been 
listed. Because the number of variables is 32, only the ones 
greater than 0.002 will be discussed. The others are listed 
because, even at the levels of correlation and significance 
listed, they are of interest in the analysis of relationships 
between learning style measures. The significance levels 
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greater than 0.0001 are designated on Table 37 by four stars 
(*) • 
The most significant correlate on the table is the LSP 
subscale, verbal risk. Verbal risk has a positive correlation 
at the 0.0001 level with extroversion (.30) and intuition 
(.25). Verbal risk correlates neCjatively with sensing (-.28), 
introversion (-.33) and feeling (-.17), all at the 0.0001 
level of significance. 
The LSP persistence subscale correlates positively with 
judging (.17) and negatively with perceiving (-.21), both at 
the 0.0001 significance level. The manipulative subscale 
correlates positively (.17) with thinking. Mobility 
preference positively correlates with perceiving (.20), and 
negatively with judging (-.19), both at the 0.0001 
significance level. Finally, performance in the course 
correlates (.23) at a probability significance level of 0.0001 
with spatial ability. 
~z;. 
Learning Style 
Profile Subscales 
Analytic 
Spatial 
Discrimination 
Table 37 
CORRELATION COEFFICIENTS MATRIX 
OF LEARNING STYLE PROFILE SUBSCALES 
AND MYERS-BRIGGS TYPE INDICATOR DIMENSIONS 
(N=558) 
Myers-Briggs Type Indicator DimensionsU 
E I S I N I T I F I J P 
-.09' I I 
I I 
.11" -.09* 
Categorization ~ -.12-- .12·' 
Sequent'l Processing 
Melnory .08· -. ,. .12--
Visual 
Auditory 
Emoti ve -.Og· -. ,. 
Persistence -.11" .10* -.15··· I .17 .... • .. 1 -.21····' 
Verbal Risk .30· .. • .. ' -.33····' -.28·· .. *' .25 ...... ' .15*·· -.17**··1 .10" 
Manipulative -.111'" .13··' .17· ... • -.13·" 
Early Morning -.09' .0S· .09· -.10' 
Late Morning .H· -.111' 
Afternoon .10· 
-.1'·· 
Evening .Og· -.Og· 
Verbal-Spatial 
Grouping .Og· 
Posture .16·" -.10' .os· -.10· .14·· 1_."14"':' 
Mobility -.10' .14 .. 1l - .19 .. ··1 .2 0···· 
Sound -.12·' .12'· -.16'" I .15"· 
Lighting 
Temperature .12" 
-.11 •• -.10' -.11'* 
P e r.f2..t!!!§.lli: e 
•• 
.13 
.23·*·· 
;;;;;;;;;;;;;;;;;;=;;;;;;;;;=;;;;;;;;;;=;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;=;;;;;;;;;;;;=;;;;;;;;;;;;;; 
BLegend: 
• p<.05 
.. p<.Ol 
... ; p<.OOl 
.... p<.OOOl 
..... 
IV 
IV 
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CANONICAL CORRELATION 
Canonical correlation is a procedure for investigating 
the relationship between two sets of variables. The general 
question addressed by canonical correlation is: to what 
extent can one set of variables be explained or predicted by 
another set of variables? (Thompson, 1984). The analysis 
collapses the scores for each set of variables in a set into 
a single composite variable. 
then called variate scores. 
Composite scores derived are 
The linear combinations are 
referred to as canonical variates (Kennedy, 1988, personal 
communication). 
The bivariate correlation (Pearson product-moment 
correlation) between the two composite scores, one from each 
of the two variable sets, is the canonical correlation 
coefficient. The first pair of linear combinations (canonical 
variates) yields the highest possible canonical correlation 
coefficient for a set of data. 
After this first canonical correlation is obtained, addi-
tional canonical correlation coefficients are calculated which 
are independent of the first; i.e., the second canonical cor-
relation is based on linear combinations of the sets of var-
iables independent of the correlations in the first canonical 
correlation set. subsequent correlations can be made in a 
similar manner, all in decreasing orders of 
magnitude. 
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Structure coefficients are product-moment correlations 
between the original variables and the canonical (composite) 
score. Generally, a structure coefficient equal to or greater 
than .30 is treated as meaningful. These structure 
coefficients are used to name the canonical variates in this 
way, in terms of the variables that have meaningful loadings 
[structure coefficients equal to or greater than .30 on the 
particular canonical variate (Warmbrod, 1987, p. 2)). 
Table 38 presents the results of canonical correlation 
for the LSP and MBTI variables. The first, and highest pos-
sible, correlation between the two sets of variables is .49. 
The variable with a loading above .30 is, in the LSP 
subscales, verbal risk (.42). Verbal risk explains the first 
canonical variate, or contributes most to the correlation 
between the two sets of variables. 
The squared canonical correlation (R') for the first 
canonical variate is .24. This is interpreted to mean that 
24% of the variance in the verbal risk score on the LSP could 
be predicted from MBTI scores. It also could mean that verbal 
risk contributes the most from the group of LSP variables to 
the relationship between the two groups of variables - LSP and 
Likewise, the variables Judging, Perceiving and 
Introversion from the MBTI group of variables contribute the 
t to the relationship between the two groups of variable 
LSP and MBTr. 
TABLE 38 
CANONICAL CORRELATION (CCl OF LEARNING STYLE PROFILE VARIABLES 
WITH MYERS-BRIGGS TYPE INDICATOR VARIABLES 
N=558 
23 LSP Variables with 8 MBTI Dimensions 
1st CC 
2nd CC 
Canonical 
~orrelation 
(CCl 
.49 
.44 
Squared Can. 
Correlation 
.24 
,19 
Variables Contributing to 
1st CC 2nd CC 
verbal risk .42 persistence .24 
LSP memory .13 
manipulative .12 
evening study 
time .13 
------------------------------------------
MBTI 
judging .12 
perceiving .14 
introversion .11 
Wilks' Lambda 
Pillai's Trace 
Hotelling-Lawley Trace 
Roy's greatest root 
judging 
perceiving 
.13 
.23 
.45 
.74 
.89 
.32 
p< .0001 
p< .0001 
p< .0001 
p< .0001 
================================================== 
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The second canonical correlation (.44) is more difficult 
to interpret. There are four subscales on the LSP which 
contribute to the relationship between the LSP and MBTI and 
which can be predicted from theMBTI. Likewise, there are 
two aspects of one MBTI dimension that contribute to the 
relationship between the LSP and MBTI. Judging al"d perceiving 
are important and have more than one aspect involved. Some 
aspects of judging and perceiving are related to the first 
canonical correlation and some to the second canonical 
correlation. 
Because the groups of variables are related and can be 
predicted from one another, in this case the LSP from the 
MBTI, hypothesis 6 is rejected. Hypothesis 6 is rejected for 
verbal risk. Hypothesis 6 cannot be rejected for all other 
sUbscales in the LSP. 
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LOGISTIC REGRESSION 
Petersen (1989, p. 130) decribes logistic regression as 
a logit model, used often in sociological research in order 
to relate a dichotomous dependent variable to a set of 
independent variables. Resultant statistics from this logit 
model include predicted probabilities of belonging to one of 
the categories on the dependent variable. These statistics 
help convey the significance of the reported results (Nabor, 
1989, personal communication; Wood, 1989, personal 
communication) . 
Stepwise, forward and backward, logistic regression was 
performed on variables in the LSP and MBTI. Selected 
variables were chosen, as well, for separate logistic 
regression. These variables were chosen because of their 
identification in previous statistical tests. All logistic 
regressions used the PROC LOGIST procedure in- the SAS 
programming language. Stepwise, forward and backward, was 
chosen in the event that variables which were selected did 
not include variables which could have predictive value. 
Information to guide the regression analyses were the 
chi-square tests of the MBTI data, Pearson correlation coeffi-
cients, and canonical correlation. Logistic regression was 
chosen because 1.) the distribution of the dependent variable, 
performance score as measured by the computer-managed testing 
system, was not normally distributed, and 2.) Pass/fail cri-
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teria was selected as an important criterion in discriminating 
between students who were successful and those who were not. 
Only 27 of the students in the sample dropped the course 
without trying the computer-managed testing system. These 
students, including the rest who scored below 60%, compose the 
fail group. The pass group includes students who scored 60% 
or higher. 
Variables were entered into stepwise regression 
analyses using the final performance score as the dependent 
variable. All LSP and MBTI variables were placed in the model. 
Previous statistical analysis had identified variables of 
interest; these were analytic skill, spatial skill, 
extraversion, introversion, judging, and perceiving. 
The results from the logistic regression are presented 
in Table 39. The logistic regression kept only the spatial 
skill and introversion in the model, in both the stepwise and 
the selected variables procedure. The predictive power is 
R=O .18, a value similar to explained variance in multiple 
regression. Converting that logarithmic value to a probability 
mOdel, however (as demonstrated in Table 39), a probability 
of predicting a performance score less than or greater than 
or equal to 60 is .67, if the spatial skill score and the 
introversion score are known. A pseudo R' value of .53 has 
been calculated from the likelihood ratio statistic. 
TABLE 39 
STEPWISE LOGISTIC REGRESSION: INTROVERSION AND 
SPATIAL SKILL VS PERFORMANCE 
categorical Dependent V = Performance Score <60 N=158 
Performance Score >= 60 N=400 
Variable Beta st. Er. Chi-sq P R 
(ldog~tsl 
Intercept. -1. 005 .44 5.29 .02 
Spatial Skill .0249 .01 11.17 .0008 .12 
Introversion .0546 .02 12.24 .0005 .12 
============================================================ 
Predictive Probabilities 
L = Legit 
L = lN [P/1-P) 1 1N = Natural logarithm 
P = probability 
spatial 
Log 
P 
1-P 
= (-1.005) + (.0249) skill +.0546 
value 
Intro-
version 
value 
Example: Spatial Skill mean value = 3.6 
Introversion mean value = 11.54 
Probability of having a score = 60 = 
=(-1.005)+(.0249) (3.6)+(.0546) (11.54)=.7197 
e .7197 2.0539 
= = 
1 +e"l9i 3 • 05;::3""9::---
Probability = .6725 
Meaning: if spatial skill and introversion values are known, 
the probability of correctly predicting a performance score 
>60 or <60 is .6725. 
Pseudo R' 
Pseudo R' Likelihood Ratio Statistic (LRS) 
= 
N + LRS 
640.26 
= = .53 
558 + 640.26 
LRS=640.26 
N = 558 
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It is concluded that knowing certain dimensions of 
learning style can predict achievement in the NMBC (p < 
.0005). This result is in agreement with rejection of 
hypothesis 4b; there is a relationship between the learning 
style subscale of· spatial ability and success in the NMBC. 
The results also support rejection of hypothysis 4a; i.e., 
there is a relationship between the learning style of 
introversion and success in the NMBC. 
FINDINGS 
1. Differences were found between the 12th grade and 
non-majors in biology on the following LSP subscales. 
Non-majors scored higher in spatial and sequential 
processing skills, visual perceptual modality, 
persistence orient·ation, evening study time, formal 
posture preference, and bright lighting preference. 
Twelfth graders scored higher in memory skill, auditory 
perceptual modality, verbal risk orientation, late 
morning study time preference, mobility, and sound 
preferences (p < .0001) (Table 16). 
2. INTJs and INFPs are less represented in the non-majors 
than in majors in biology (p < .05) (Table 24). 
3. The following types are less represented in the male 
non-majors than in the male majors in science: INTJ, INTP 
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(p < .001); ENTP (p < .01); and ENTJ (p < .05) (Table 
25) . 
4. The following types are more represented in the male 
non-majors than in the male majors in science: ISTJ, ISFJ 
(p < .01); ISTP, ISFP, ESTP, ESFP and ESTJ (p < .001) 
(Table 25). 
5. The following types are less represented in the 
non-majors than in biologists: INTJs (p < .01), INFPs (p 
< .05), and ENTJs (p <.05) (Table 26). 
6. The following types are less represented among students 
not successful in biology for non-majors: ISTJs (p < .05) 
and ISFPs (p < .01) (Table 28). 
7. The following types are more represented among students 
not successful in bJology for non-maj ors: ESFPs and ENTPs 
(p < .001) (Table 28). 
8. Among students who score less than 60% in the NMBC, 
spatial skill, is lower than among students who score 
higher than or equal to 60% (p < .01) (Table 29). 
Performance in biology correlates at the 0.23 level (co-
rrelation coefficient) with spatial skill on the LSP (p 
< .0001) (Table 37). 
9. Question type, amount of analytic skill required, and 
correct vs incorrect answers interact with a six item 
analytic scale on the LSP (Table 35, p < .04). 
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10. Persistence orientation correlates positively (0.17) with 
Judging (p < .0001) (Table 37). 
11. Persistence orientation correlates negatively (-0.21) 
with perceiving (p < .0001) (Table 37). 
12. Verbal risk preference correlates positively with 
Extraversion (0.30) and Intuition (0.25) (p < .0001) 
(Table 37). 
13. Verbal risk preference correlates negatively with 
Introversion (-0.28), and Feeling (-0.17) (p < .0001) 
(Table 37). 
14. Manipulative preference correlates positively with 
Thinking (.17) (p < .0001) (Table 37). 
15. Mobility preference correlates negatively (-0.19) with 
Judging (p < .0001t (Table 37). 
16. Mobility preference correlates positively (.20) with 
Perception (p < .0001) (Table 37). 
17. There is a canonical correlation of 0.49 between the two 
sets of LSP and MBTI variables (p < .0001) (Table 38). 
18. The verbal risk orientation subscale on the LSP composes 
most of the contribution to the relationship between the 
LSP and the MBTI (Table 39). Verbal risk can be 
predicted from MBTI scores (0.24) (p < .0001) (Table 39). 
19. In the second canonical correlation, from the LSP, 
persistence, memory, manipulative and evening study time 
contribute to the relationship between the LSP and the 
MBTI. 
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Judging (J) and Perceiving (P) contribute from 
the MBTI to the relationship. 
20. spatial skill (p < .0008) and Introversion (p < .0005) 
predict success in the NMBC (Table 39). Introversion (p 
< .0005) and spatial (p < .0008) skill (p < .0008) 
correlate (R=.67) with biology achievement (Table 39). 
A trend of interest is the large nUmber of male 
non-majors who are perceiving (P) (56.7%, Table 19, p. 86), 
as compared to the general population figure of MCCaulley et 
aI, 1985 (42.7%, Table 21, p. 86). 
134 
TABLE 40 
SUMMARY OF GROUP FINDINGS FOR 
LEARNING STYLE PROFILE 
LSP Subscale 
Spatial Skill 
Sequential processing skill 
Visual perceptual modality 
Persistence orientation 
Evening study time preference 
Formal posture preference 
Bright lighting preference 
Memory skill 
AUditory perceptual modality 
Verbal risk orientation 
Late morning study time 
preference 
Verbal spatial preference 
Mobility preference 
(More) sound preference-· 
" p < .0001 
Greater Group 
LSP Score 
Non-majors 
Non-majors 
Non-majors 
Non-majors 
Non-majors 
Non-majors 
Non-majors 
Lesser Group 
LSP Score 
>" 12th Graders 
> 12th Graders 
> 12th Graders 
> 12th Graders 
> 12th Graders 
> 12th Graders 
> 12th Graders 
12th Graders > 
12th Graders > 
12th Graders > 
Non-majors 
Non-majors 
Non-majors 
12th Graders > 
12th Graders > 
12th Graders > 
12th Graders > 
Non-majors 
Non-majors 
Non-majors 
Non-majors 
Biology Achievement 
Spatial skill'b successful > non-successful 
============================================================ 
'b P < .01 
TABLE 41 
SUMMARY OF GROUP FINDINGS FOR 
MYERS-BRIGGS TYPE INDICATOR 
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MBTI Type Greater Group Lesser Group P Value 
INTJ 
INFP 
INTJ 
INTP 
ENTP 
ENTJ 
ISTJ 
ISFJ 
ISTP 
ISFP 
ESTP 
ESFP 
ESTJ 
INTJ 
INFP 
ENTJ 
ISTJ 
ISFP 
ESFP 
ENTP 
Biology majors > 
Biology majors > 
Male science majors > 
Male science majors > 
Male science majors > 
Male science majors > 
Male non-majo > 
Male non-major > 
Male non-major > 
Male non-major > 
Male non-major > 
Male non-major > 
Male non-major > 
Biologists > 
Biologists > 
Biologists > 
Non-majors .05 
Non-majors .05 
Male !lon-majors .001 
Male non-majors .001 
Male non-majors .01 
Male non-majors .05 
Male science major .01 
Male science major .01 
Male science major .001 
Male science major .001 
Male science major .001 
Male science major .001 
Male science major .001 
Non-majors .01 
Non-majors .05 
Non-majors .05 
Biology Achievement 
Successful > Non-successful .05 
Successful > Non-successful .01 
Non-successful > Successful .001 
Non-successful > Successful .001 
CHAPTER V 
CONCLUSIONS, RECOMMENDATIONS, AND IMPLICATIONS 
This chapter presents the purpose of the study and the 
findings. It also includes: 
1. conclusions 
2. implications and recommendations for course improvement 
based on the findings 
3. implications and recommendations for future research 
based on the findings. 
THE PURPOSE OF THE STUDY 
The purpose of this study was to provide qualitative and 
quantitative information on learning characteristics of the 
non-major in biology, for use in course redesign, to improve 
the course. The course is presently taught by the 
aUdiotutorial method and has a computer-managed testing 
system. 
The Instructional Systems Design (ISO) (McCombs, 1986) 
model for program development was used to guide this study, 
which is only a small part of biology course development, for 
non-majors, currently under way at The Ohio State University. 
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The needs analysis portion of ISO, described by McCombs 
(1986) and Carrier & Jonassen (1988), became the focus of the 
study, particularly identifying the learning characteristics 
of the students in the course. Carrier & Jonassen stated that 
identification of learner characteristics is important 
because of the increasing use of microcomputing technologies. 
In the NMBC, 92% of evaluation of learners involves computer 
testing. 
As the study progressed, it became increasingly 
apparent that the ISO model could drive any reform efforts 
chosen to provide for appropriate science education for 
non-majors. This study provides empirical data of the 
characteristics of the non-majors enrolled in general 
biology, from which the other steps in the ISO model should 
proceed. From these data on the non-major, scientists who 
teach these students can know that any efforts that they make 
to change course format, laboratory format, and/or teaching 
assistant duties, are based on evidence, not conj ecture. 
Learning style literature, explained by Claxton & Murrell 
(1987), emphasizes the need to use learning style in higher 
education. They write that student retention can be improved 
when attention is given to students' preference for learning. 
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CONCLUSIONS REGARDING THE MBTI 
Findings 2-7 (pp. 130 & 131) are discussed below and are 
displayed on Table 42 (Table 9, p. 44, with the findings 
added) • Table 42 is a consolidation of all findings from 
hypotheses 1, 2, 3, and 4a. 
INTJs and INFPs are '_ess represented in the non-majors 
than the biology majors (BM) population (Table 24, p. 94). 
INTJs, INFPs and ENTJs are less represented in the non-majors 
than the biologists (BG) population (Table 26, p. 100 ). 
These two findings from the data on Tables 4.13, p. 94, and 
4.15, p. 100, suppo~t each other regarding the INTJs and the 
INFPs. These three groups (INTJs, INFPs and ENTJs) represent 
10% of the total population of non- majors (Tables 18, p. 85 
and 5.1). 
In examining the differences between the male non-majors 
and the male science majors (Table 25, p. 98), the INTJs and 
ENTJs are present (as in biologists, Table 26, p. 100) in 
addition to the INTPs and the ENTPs. These data support 
Gable's findings (Table 7, p.40) that show research 
scientists as 100% NT. The data in Table 42 demonstrate that 
a major difference between the group of biology student 
non-majors is that they are not primarily NT, as are research 
scientists as reported by Gable (Table 7, p.40). In all four 
NT groups, non-maj ors are less represented than ·science 
majors. 
I 
TABLE 42 
MBTI FREQUENCY DISTRIBUTION FINDINGS: 
COMPARISON OF NON-MAJORS, MALE SCIENCE MAJORS, 
BIOLOGY MAJORS, BIOLOGISTS, 
AND STUDENTS WHO FAIL 
N=673 
ISTJ I ISFJ I INFJ I INTJ 
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I 
ILesa who FAIL I I ILeas than BM,IlGI 
I F=18 I F=51 I F= 8 I F= 5 I 
I I I I I 
IM=31More than I M=llMore thanlM= 8 IM= 6 Less than I 
I MSM I MSM I I MSM I 
I N=49 %=7.3 I N=64 %=9.5 I N=16 %=2.4 I N=ll %=1.6 I 
I I I I I 
I ISTP I ISFP I INFP I INTP I 
I ILess who FAILILess than I I 
I I I BM,BG I I 
I F= 5 I F=22 I F=14 I F=10 I 
I I I I I 
IM=18More thanlM=19More thanlM=14 IM=14 Less than I 
I MSM I MSM I I MSM I 
I N=26 %=3.9 I N=42 %=6.2 I N=28 %=4.2 I N=24 %=1.6 I 
I I I I I 
I ESTP I ESFP I ENFP I ENTP I 
I IMore who FAIL I I More who FAIL I 
I F=13 I .F=39 I F=58 I F=22 I 
I I I I I 
IM=28More thanlM=15More than I M=21 I M=14 Less thanl 
I MSM I MSM I I MSM I 
I N=42 %=6.2 I N=54 %=8.0 I N=83 %=12.31 N=37 %=5.5 I 
I I I I I 
I ESTJ I ESFJ I ENFJ I ENTJ I 
I I I I Less than BG I 
I F=25 I F=67 I F=35 I F=13 I 
I I I I I 
IM=31More thanl M= 4 I M= 3 I M=15 Less than I 
I MSM I I I MSM I 
I N=58 %=8.6 I N=73 %=10.8 I N=38 %=5.6 I N=28 %=4.2 I 
I I I I I 
MSM=male science major 
BM=biology major 
BG=biologist 
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When non-majors are compared to the biologists, there 
are two NT groups and one NF group which show differences 
(Table 26, p. 110). Apparently, biologists are less NT than 
other groups of scientists. Also, apparently, non-maj ors are 
less different from biologists than from scientists (which 
includes other scientist groups in addition to biologists) . 
Biology majors' and biologists' data include both male and 
female subjects so part of the NT difference could be gender 
related. Myers in McCaulley et al., 1985, (Table 20, p. 86) 
reports that 60% of the general population males are T. 
McCaulley et al., 1985 (Table 21, p. 86) report that 65% of 
the general population males are T. 
Roberts (1982) in Table 1 (p. 15) reveals that for all 
of the NT community college student types (INTJ, INTP, ENTP 
and ENTJ) , readings are a preferred medium by which to learn. 
Readings and audio tapes comprise instruction in the NMBC. 
Groups which are more represented in the non-maj or 
population emerge from the comparison with the science 
majors. The most noticable difference is in the sensing (S) 
dimension. Seven of eight S profiles are more represented 
among non-majors than among science majors. This difference 
is astonishing, partly because it supports Gable's data on 
Table 7 (p. 40): that research scientists are 100% N. It is 
no wonder that scientists have trouble designing courses for 
the non-major, as Weistheimer says (1987). The non-major in 
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science, being predominantly 8, does not attend to the same 
kind of stimuli as a person with the N orientation (Table 3, 
p. 35). 
Jensen's (1987) Table 3 (p. 35) shows that 8s learn best 
when they move from the concrete to the abstract in a 
step-by-step progression. Jensen's data seem to support, in 
part, the idea that the NMBC is ideal for 8 types, because 
the course is modular and there are computer elements to it. 
The computer part of the NMBC, however, is not computer-
assisted instruction. It is computer-managed. Jensen states 
that 8 types like practical knowledge. The NMBC, in this 
researcher's opinion, however, does not focus on knowledge 
for practical use. Jensen also lists memorizing of facts, 
precision and accuracy as a preference of 8 types. 
certainly, in the NMBC, 8 types are at home with memoriza-
tion. Precision and accuracy are rewarded in the computer 
testing by the use of multiple choice test items. 
The two MBTI groups not successful in the course are the 
E8FP and the ENTP (Table 28, p. 103). These groups are also 
represented in previously mentioned groups: E8FPs are more 
represented among the male non-majors than among male science 
majors, and ENTPs are less represented than male science 
majors (Table 25 p. 98). 80 as a group, since there are more 
of the E8FPs and they fail more frequently, their learning 
needs should be closely examined. Robert's (1982) Table 1 
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(p. 15) lists ESFP's preferred media as small group work and 
motion pictures/TV. The least preferred media of the ESFP 
are listed as programmed instruction and readings. For the 
ENTP, discussions and readings are the most preferred, while 
audio, demonstrations, and role playing are least preferred. 
In the NMBC, readings and audio programmed instruction is the 
format. For the ESFP, according to Roberts, 1982 (p. 14), 
the NMBC is formatted in the least preferred way, because the 
course is designed for the student to read and learn the 
material according to a structured and programmed format. 
Interestingly, the ESFP is one of only three groups in 
Robert's table who does not list audio instruction as a least 
preferred medium. 
campbell's study (Table 8, p.41) showed that 14 of 16 
MBTI types least prefer memorization as a learning method. 
In Campbell's study, students were asked to rank a list of 
33 different methods according to their preference for 
learning. All 16 MBTI types chose either "confer with other 
students" or "group discussion" as their most preferred 
learning method. Memorization and examination were least 
preferred in 14 of 16 MBTI groups. 
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IMPLICATIONS FROM THE MBTI FOR COURSE DESIGN 
Robert's (1982, Table 1, p. 15) and Campbell's (1986, 
Table 8, p. 41) studies of adult learners show that the least 
favorite learning preferences are audio, memorization, and 
examination in 14 of 16 MBTI types. The study presented here 
shows that only four of the 16 MBTI types (ESFJ, INFJ, ENFP, 
and ENFJ) are the same in number as science majors, biology 
majors, or biologists; i.e., twelve of 16 MBTI types show 
differences in the comparison populations (Table 42, p. 139). 
Therefore, when biologists start to design courses for the 
non-major, they need to look at the research that shows what 
the various MBTI types prefer as learning methods. 
Particular attention should be paid to those types that are 
different from biology majors, biologists, and science 
majors. 
In the study presented here, only the INFJ, ENFP, ESFJ, 
and ENFJ show no differences from the comparison populations: 
biology majors, science majors, biologists, or among students 
Who were successful vs non-successful ones. 
The greatest differences occurred in the left half of 
the type table, among students who prefer sensing (S) 
perception. Biology non-major course designers can examine 
Jensen's (1987) table (2.1, p. 35) and the tables of Roberts 
(1982, Table 1, p. 15) and Campbell (1986, Table 8, p. 41) 
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for ideas for learning method preference for possible course 
improvement. 
According to Ro~erts (1982, Table 1, p. 15), small group 
work is the most preferred learning method of the ESFP. The 
ESFP male non-major in biology is the most different (Table 
25, p. 98) from male science majors and one of two groups 
(male and female) in the NMBC that most frequently fails the 
course (Table 28, p. 103). 
RECOMMENDATIONS FROM THE MBTI FOR COURSE DESIGN 
1. Because more sensing (S) students (Table 19, p. 86: 
60.6%), than intuitive (N) (39.4%) students are 
represented in courses for non-majors in biology in this 
study, it is desirable to provide learning methods that 
this type of student prefers. Methods suggested by 
Jensen (1987, Table 3, p. 35) include programmed 
instruction, computer-assisted instruction and learning 
for practical knowledge. The NMBC already includes 
programmed instruction. 
2. Because there are more (61.4%) extroverts (E) than 
introverts (I) (38.6%) among non-majors (Table 19, p. 
86), provide learning opportunities for them which 
Jensen (1987, Table 3, p. 35) says they prefer. Those 
preferences, listed by Jensen, include: learning 
situations filled with movement, action, and talk. 
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These situations should be connected with their 
experience via 
projects. 
group discussion or cooperative 
CONCLUSIONS REGARDING THE LSP 
The differences found between the 12th grade population, 
reported by the NASSP, and the non-majors in biology could 
be, in part, developmental and preferential. In some cases, 
results seem contradictory. 
Twelfth grade high school students score higher on 
memory skill, supposedly a developmental task. Campbell's 
(1986, Table 8, p. 41) data were from persons in the Air 
Force so they support older learners' least preference in 
learning as memorization. It could be that older learners 
(older than 12th grade), such as those in the NMBC, lack of 
a preference for memorization is demonstrated by low skill 
scores on the LSP. Perhaps older learners have such strong 
learning preferences which do not include memorization that 
the preference overrides the development. That is, perhaps 
they have equal skill development, but their preference for 
non-memory type learning methods is demonstrated by strength 
in other preference scores. Their development may be equal 
in memory skill to twelfth graders, but their preferences in 
other learning methods may diminish their score. It could 
happen that use of a more preferred method, such as visual, 
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may diminish a previously developed skill, such as memory. 
Older learners (older than twelfth graders) have had more 
time to exercise their preferences for learning methods. It 
may be that with time and experience of exercising a learning 
preference, a skill' such as memorizing can become less 
developed. 
Twelfth graders show preference for auditory 
instruction, in contrast to the NMBC students. These data, 
coupled with the NMBC student preference for visual 
instructional preference, support Roberts' findings (1982, 
Table 1, p. 15), that 14 of 16 MBTI types of community 
college students least prefer audio instruction. 
Twelfth graders' verbal risk orientation is no longer 
evident in college students. They show study time 
preferences of late morning vs NMBC students' preference for 
evening. Twelfth graders like to move around (mobility) and 
prefer more sound in a study setting than do non-majors in 
biology, who prefer a formal and well lit study setting. 
The pre-college student is less skilled than the under-
graduate non-major in biology in spatial and sequential 
processing. Both of these skills are presumably 
developmental. Persistence is higher in college students, 
which could indicate that high school students who do not 
have a persistence orientation do not make it to college. 
Thirteen of the subscales show differences between the 
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twelfth grade students and NMBC students. What is surprising 
is the lack of significant differences among these two 
populations on the other ten subscales, particularly analytic 
and discrimination skills. The fact that there are 13 
differences may have implication for course design. 
Analytic Skill Cognitive Demand 
The five item subscale on the LSP which measured 
analytic skill did not show any relationship to a student's 
performance on six questions perceived by three raters to 
require that skill (Tables 31 and 32, p. 113). The 
interpretation of this result is problematic because the 
raters had no formal training in evaluation of questions by 
cognitive demand. Therefore, the lack of relationship could 
be attributed to rater evaluation error, rather than to lack 
of congruence between a student's score on analytic skill on 
the LSP and that student's subsequent ability to answer a 
question commensurate with that measured skill. Also, the 
sample of 96 students was small, and only six questions were 
evaluated. 
Because the five item analytic subscale on the LSP did not 
show any relationship between a student's score on analytic 
skill and subsequent performance on a question which was 
perceived to require that skill, additional analysis was 
performed using a six item subscale. The reliability for the 
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six-item analysis was 0.645, which is slightly higher than 
the five item analytic subscale of 0.64. The rationale for 
this subsequent analysis was based on factor analytic results 
presented in Table 33, p. 117. 
The six item analytic subscale (Tables 35 and 36, p. 
118) shows a three factor interaction, which suggusts that 
there is a relationship between a measured amount of analytic 
skill (if a different and improved analytic sUbscale is used) 
and a student's ability to perform on questions which are 
perceived to require analytic skill. These data may support 
part of Tobias' (1982) claim (p. 16) that engagement of 
appropriate cognitive processes makes the difference in 
learning. 
IMPLICATIONS FROM THE LSP FOR COURSE DESIGN 
Standard scores (Table 17, p. 83) for students in the 
NMBC show below average skill in discrimination and memory. 
NMBC students most prefer visual learning and least prefer 
instruction by the auditory method. These data support 
Roberts' (1982, Table 1, p. 15) and campbell's (1986, Table 
8, p. 41) data. 
Orientations (persistence, verbal risk, and manipula-
tive) are all below-average, which could indicate lack of 
interest or motivation to study biology. McCaulley (1977) 
says the difficulty in designing courses for non-majors lies 
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in differences between science non-majors and science majors 
in motivation, interest, and learning style. Persistence 
could be viewed as a measure of one's motivation and 
interest. Verbal risk could also be viewed as a measure of 
one's motivation and interest, i.e., the willingness to speak 
out in class and question could be viewed as one of those 
attributes which McCaulley says distinguish non-majors from 
majors in science. 
These below-average scores are probably measures of 
general low scores on these orientations (persistence, verbal 
risk, and manipulative), as suggested by the non-subject 
matter nature of the LSP instrument and the fact that the LSP 
instrument was administered, in this study, during the first 
class period of the biology course. Of course it is possible 
that students' previous experience with biology somehow 
influenced their responses on these orientations and are, in 
fact, a reflection of their persistence, verbal risk, and 
manipulative orientations to the subject matter of biology. 
Whether general orientations or specific biology orientations 
(persistence, verbal risk, or manipulative) are low, offering 
instruction in more preferred learning modes (such as visual 
instruction) for these students could positively affect their 
motivation. Interest might be piqued by providing practical 
knowledge in small group or discussion format, as suggested 
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by Jensen (1987, Table 3, p. 35) and campbell (1986, Table 
8, p. 41). 
Since students show above-average preferences for three 
of four study times, the BLC should continue to be open from 
morning to night. Grou)ling (small vs large) shows a 
preferp.nce for small groups. In the NMBC, no opportunities 
exist for small group interactions. Even in the BLC, 
students work mostly alone. 
Table 29, p. 105 presents interesting data regarding 
spatial ability. According to this table, spatial ability 
is higher in successful students in the NMBC. These data may 
be problematic, because some of the spatial items (37 and 40, 
Appendix N) loading with the analytic items on the nine 
factor factor analysis (Tables 33 and 34, p. 117). Also, 
the reliability of the five item spatial subscale is low 
(.39, Table 10, p. 62). However, spatial ability was a 
significant predictor of success when the logistic regression 
was performed (Table 39, p. 129). 
A spatial ability component is "visualization" (Keefe 
& Monk, 1988, p. 21) or the ability of a person to mentally 
rotate objects in space. Keefe & Monk (1988, p. 21) say that 
"The subject is presented with two-dimensional patterns that 
must be visualized in the imagination as three-dimensional 
shapes." Much of the content of the NMBC relies on students' 
ability to perform this "visualization" task. So, it is not 
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surprising that spatial ability would be a significant 
predictor of success (Table 39, p. 129) or would be a 
subscale on the LSP that makes a difference in student 
performance (Table 29, p. 105). 
Jensen (1986, Table 3, p. 35) lists the learning style 
preference of sensing (S) learners as moving from the 
concrete to the abstract in a step-by-step progression. 
Spatial ability, or the visualization component of it, seems 
to require something beyond the concrete experience, and may 
actually require abstract thinking. It is for this reason 
that attention to the spatial requirements of the NMBC is 
implicated by the results of this study. 
RECOMMENDATIONS FROM THE LSP FOR COURSE DESIGN 
1. Capitalize on students' above average spatial, categor-
ization and sequential processing skills by providing 
more learning opportunities which require those skills. 
In the case of spatial ability for students who are 
sensing (S), provide more concrete examples of theories 
that require the ability to visualize concepts in space. 
An example might be in the content of chemical 
reactions, of photosynthesis and respiration. Many 
teaching aids which concretize these two abstract 
concepts are available for purchase from various 
companies. 
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2. Provide more visual instruction as a required part of 
the course. At the present time, videotapes are 
presented only in recitation. students receive no 
formal penalty for not attending recitation. Instead 
of presenting videotapes only in recitation (which is 
poorly attended), consider requiring participation in 
visual opportunities for learning in dynamic formats 
such as interactive videodisk (Oliver, 1985). 
3. Reduce total reliance on audio tape for instruction. 
4. Consider lengthening the evening hours for the BLC and 
testing center, since students show a strong preference 
for study time in the evening. 
5. Provide and require structured small group work with 
opportunities for discussion. The small group work and 
discussions should be supervised and led by teaching 
assistants. 
IMPLICATIONS FOR RESEARCH REGARDING COGNITIVE DEMAND REQUIRE-
MENTS 
1. Since the data on the entire population (N=922) are 
available, further research should include a larger 
sample (larger than 96 students) and involve the 
analysis of more than six questions. 
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2. Raters of questions should be trained in evaluation of 
cognitive demands of instruction and of evaluation 
measures. They should also be familiar with the kinds 
of cognitive processes which students use when answering 
questions. Interrater reliability should be high. 
3. Questions should be carefully examined for concept 
density. Concept density as a problem may be indicated 
by questions which require many cognitive processes 
within the same question. This problem was identified 
because no question of the 58 initially examined 
contained only one cognitive process (as measured by the 
LSP cognitive skill subscales of analytic, spatial, dis-
crimination, categorization, sequential processing and 
memory). Every question required two or more 
processes, according to the three raters. 
4. Reconstruct the LSP analytic scale to include item 
numbers 37 and 40. omit item 26 from the analytic 
subscale. 
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CONCLUSIONS REGARDING THE CURRY LEARNING STYLE FRAMEWORK 
One of the purposes of the study was to gather data to 
support a part of Curry's (1983) proposed learning style 
framework, as presented in Figure 1 (p. 16). Pearson 
correlations among the eight"MBTI dimensions and the 23 LSP 
subscales showed low relationships, but some were highly 
significant (Table 33, page 117). Curry (1983) says that if 
the theory is true, then the MBTI dimensions (personality) 
should be able to predict the other layers of the onion 
[instructional preference and information processing, and 
Claxton & Murrell's (1987) addition, social interaction, 
Figure 1, p. 16], measured in the study by subscales of the 
LSP. 
The canonical correlation supports curry's theory for 
several subscales of the LSP. Verbal risk is responsible for 
most of the relationship between the LSP" and the MBTI. 
Verbal risk is also the subscale which shows the most 
frequent significant correlations with dimensions of the 
MBTI. Verbal risk correlates positively with extraversion 
(E) • 
Verbal risk correlates negatively with introversion (I), 
sensing (S), and feeling (F). The predictable dimension of 
the MBTI is extroversion (E) because E and verbal risk are 
Positively correlated and seem to measure a similar construct 
- willingness to speak out. The relationship of verbal risk 
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to intuition (N) is harder to interpret, and is thus less 
useful as a predictor. More research would need to be done 
to explore the relationship of extroversion to intuition. 
Other LSP subscales which support Curry's theory are 
observable in the contribution to the relationship between 
the LSP and MBTI represented in the second canonical 
correlation. These variables are 
manipulation, and evening study time. 
persistence, memory, 
All of these five LSP 
subscales can be predicted, as hypothesized by Curry, from 
the MBTI. 
IMPLICATION FOR COURSE DESIGN 
Presumably, if a class were filled predominately with 
extroverts (E), a high score in the LSP subscale, verbal 
risk, would be predictable. However, this was not the case 
for the group verbal risk subscale score for the non-majors 
in biology. Table 19 (p. 86) shows that 61.4% of non-majors 
in biology are extroverts (E), but verbal risk subscale score 
on the LSP (Table 17, p. 83) is below average at 48.75. 
Probably, the difference lies in Table 16 (p. 83), where we 
observe a drop in verbal risk score when scores of twelfth 
grade students are compared to those of college students. 
More than likely, extroverts (Es) are probably choosing not 
to speak out in class because 54.2% of non-majors in the NMBC 
are freshmen (Table 12, p. 78), in new and unfamiliar 
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territory. It could be that for individuals, rather than for 
groups, predictability of learning preferences could be 
inferred and used by teachers. Many subscales, other 
than verbal risk, on the LSP are related to dimensions of the 
MBTI (Tables 34, p. 117 and 2, p. 18) and could possibly be 
predicted by MBTI scores. For example, discrimination skill 
has a low correlation, without significance, with sensing 
(S). Yet in knowing the detail orientation of sensing (S) 
individuals, as listed by Lawrence in Table 4, (p. 37), 
discrimination could be predicted from knowing if a person's 
perception preference was sensing (S). other examples are 
with the persistence MBTI orientation: persistence 
correlates positively with judging (J) and negatively with 
perceiving (P). Jensen (1986, Table 3, p.35) and Lawrence 
(1984, Table 4, p. 37) describe drive to closure and 
completion of tasks of persons with judging (J) orientation. 
The opposite, or negative, correlation can be observed 
with perceiving (P) individuals. According to Jensen (1986, 
Table 3, p. 35), Ps care less about deadlines and completion 
of tasks. Feeling (F) correlates negatively significantly, 
though low, with persistence. According to Jensen (1986, 
Table 3, p. 35), Fs are most motivated when given personal 
encouragement, a factor not provided for in the NMBC. Kern 
and Matta (1988) found that intuitive feeling (NF) 
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individuals need help in sequencing and pacing of 
instruction. Bozeman's findings (in Sharma, 1987) were that 
extroverted - perceiving (E __ P) individuals overwhelmingly 
tend to drop out of computer tasks. The only two MBTI groups 
who fail at a higher rate are ESFP and ENTP, the same as 
Bozeman's findings in the E P dimension. Therefore 
intervention should be made with individuals of these types, 
specially the male ESFP non-majors, since they are more 
numerous than the male science major (Table 25, p. 98). 
Other examples of MBTI/LSP correlates which could be 
useful for investigation in predicting outer layers of 
Curry's (1983) "onion" are: positive correlates of thinking 
(T) with LSP subscale of manipulative, negative correlate of 
judging (J) with LSP subscale of mobility and positive 
correlate of perceiving (P) with mobility. 
RECOMMENDATIONS FOR RESEARCH 
1. If the LSP is going to prove useful as a predictor 
instrument in higher education, some of the subscales 
need to be revised. The analytic scale, for example, 
may need to be revised to include items 37 and 40, items 
which are presently classified as spatial items. Item 
26 should be removed from the analytic scale. 
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2. Because of some evidence in the six item analytic scale 
ANOVA (Tables 35 and 36, p. 118), which shows a three 
factor interaction between question type, amount of 
analytic skill and right vs wrong answers, give longer 
tests which measure individual LSP subscales, 
specifically analytic subscale. The LSP Technical 
Manual lists two longer tests which measure analytic 
skill (Keefe & Monk, 1988, p. 17). 
3. continue the cognitive process question analysis begun 
on 96 students and six questions. This should be done 
following administration of the longer test for analytic 
skill and following training of question raters. 
Question raters should be instructed in cognitive demand 
requirements of test questions. 
4. Reexamine correlations between the longer subscales and 
dimensions of the MBTI. For example, LSP analytic skill 
subscale and MBT! dimension thinking (T) may correlate 
if a more reliable analytic subscale is used. 
5. Spatial ability should be further investigated as a 
required skill for success in biology. Longer tests 
with higher reliability which measure spatial ability 
should be administered to non-majors in biology. 
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6. Remediation of spatial skills should occur if it is 
determined to be a reliable predictor of success in 
biology. 
APPENDIX A 
BIOLOGY 110 (BIO-eM!) SYLLABUS 
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Oc. Ru ••• ll v. Skavlr11, Coordinator, RB 608. 2-9861 
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INTRODUCTION 
. General Biology utilizes. the audio-tutorial method of 
lndividualized, self-paced instruction, a method which recognizes 
that each student is an individual with a unique background, 
strengths, weaknesses, and goals. The complete course is based 
on written behavioral objectives, reading assignments, and 
Vocabulary lists. The course is an integration of lectures, 
. recitations, t. v. presentations, slide presentations, laboratory 
exercises, laboratory demonstration experiences, and readings. 
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The lectures are on tape and are presented, ~ith integration 
of laboratory exercises and demonstrations, in the first three 
modules of the Bio-Learning Center (BLC) , ~hich is located in the 
basement of Rightmire Hall. The BLC is available to students 
approximately 64 hours per week, and students are free to spend 
as much time in the BLC as is needed. In general, an average 
student should expect to spend approximately three to four hours 
per week working in the BLC. General Biology consists of ten 
units of instruction (Units A, B, C, 0, E, >', G, fl, I, .nd J) as 
detailed on the course syllabus. 
A student in General Biology receives a COurse grade based 
upon the student's performance on the ten unit tests (there is a 
unit test for each of the units of instruction mentioned above) 
and on a comprehensive final examination (unit test P). The 
tests are administered by means of a computer in the General 
Biology Testing Center, Room 52, Rightmire Hall, ~hich is open 70 
hours per week during the quarter. A student is allo~ed to 
repeat each test up to a limit of four attempts on each unit test 
and up to three attempts on the final examination, ~ith the best 
scores then being used to determine the student's grade in the 
course. 
A student is responsible for doing at least one unit of ~ork 
per week, which includes taking a test on that unit. However, 
students are free to move through the course material at a faster 
rate. 
STUDENT RESPONSIBILITIES 
It is the expectation of the instructional staff in General 
Biology that each student be aware of, understand, and observe 
the following, which are the responsibilities of a student in 
this course. 
1. Be familiar with the content of this handout and 
all other handouts distributed to students enrolled 
in the course. 
2. Attend the two weekly meetings of the recitation 
section for ~hich the student has registered and, 
at each such recitation section meeting, sign the 
attendance sheet. Participate in the recitation 
discussions. 
3. Complete all assignments given on the syllabus by 
the dates specified. 
4. Take at least one test on Onits A and B by the end 
of the second week of the quarter. Thereafter, 
take at least one test on the current unit(s) of 
study for each week. All tests on the individual 
units must be completed on >'riday, March 11, 1988. 
5. Take the comprehensive final examination no later 166 
than Wednesday, March 16, 1988 before 4:30 p.m., at 
which time the General Biology Testing Cen:er wi:l 
close for the quarter. 
6. Complete a course evaluation form at the end of the 
quarter, i. e. after the final examination has been 
taken. 
7. Immediately contact the recitation instructor (a 
message ~'Y be left at Room 60 Rightmire Hall, 292-
9761) W~en any p=oblem arises which will prevent 
yryU from meeting your responsibilities in General 
Biology. 
8. Students 
work in 
Thursday, 
who are graduating must have 
Biology 110/110N completed 
March 10, 1988. 
HOW TO OSE THE BIO-LEARNING CENTER 
all of their 
by noon on 
When you are ready to begin work in the Bi~-Learning Center, 
simply go to the Biology 110/110N tag board on the wall of the 
north hall of the basement of Rightmire Hall. Follow these 
directions. 
1. Select a tag from the board, a tag corresponding to 
the unit on which you wish to work. 
2. Obtain a copy of the handout giving the reading 
aSSignments, the learning objectives, and the 
vocabulary list for the unit on which you wish to 
work. This handout is available from the 
instructor on duty in the Bio-Learning Center. In 
addition to that handout, you must also have with 
you your text book (Davis and Solomon) and your 
laboratory manual (Eberhard). 
3. ~ to the carrel in the module specified on the 
tag. 
4. Place the tag on the hook outside the carrel. 
5. Sign your last name on the sign-in sheet inside the 
car rel. 
6. Get comfortable. Read the objectives for the unit 
on which you wish to work and look through the 
reading assignment pages of the text book and the 
laboratory manual. 
7. Put on the earphones, and press the white tape-
control button labeled ~Review.· 
8. Listen to the recorded material and instructions on 167 
the tape and follow the directions given. 
9. When you are ready to leave, . ask the inst ructor on 
duty to sign you out from the carrel. 
10. Return the tag to the tagboard. 
These are the open hours for 
Monday - Thursday 
Friday 
Saturday 
Sunday 
the Bio-Learning Center: 
8:30 a.m. - 9:30 p.m. 
8:30 a.~. - 4:30 r.m. 
-- 8.30 a.m. - 12:30 p.m. 
-- CLOSED 
For Winter Quarter 1988, the Bio-Learning Center will open at 
9:00 a.m •• Tuesday. January 5. 1988. The Bio-Learning Center 
will close at 4:30 p.m •• Friday. March 11. 1988. 
The instructional tapes will be available whenever the Bio-
Learning Center is open/ however. the laboratory demonstrations 
and materials needed to perform the laboratory exercises will be 
available only for three weeks at a time. There are alternative 
ways (see below) to listen to the tapes. but the Bio-Learning 
Center is the only place where the laboratory demonstrations and 
exercises are available. 
You are free to repeat material in the Bio-Learning Center 
as often as you feel is necessary. You may also repeat the 
experiments. Many students find it effective to work with a 
friend on the experiments. and this is perfectly acceptable. 
Since your grade is not affected by how well other students do. 
you should feel free to share information with fellow students. 
However. use your own laboratory book. It is counterproductive 
to use another student's book since the answers in it may very 
well be incorrect. 
00 take advantage of the presence of the instructor(s) in 
the Bio-Learning Center. They are there to help you. 
It is an effective strategy to have completed at least half 
of each week's instructional unit before the first meeting of 
yOur recitation section that week and to have completed the 
entire unit by the second recitation section meeting of the week. 
In following that strategy. however. you will probably want to 
aVoid attempting to use the Bio-Learning Center during peak 
hours. which are commonly mid-mornings and mid-afternoons. 
It is an excellent practice to review previous material on a 
regular basis. 
When you have completed your work in the Bio-Learnin'g Center 
a particular unit. study the required text assignments in 
is and Solomon and in Eberhard. answer all of the questions 
sked found in those reading assignments. and study your notes 
.' onCerning the relevant television presentations. Then. you 
be ready to take a test on that unit. 
RECITATION SECTIONS 168 
Each week, you will attend two 48-minute recitatlon 
sections. These meetings are discussion sections; they are not 
lectures. You should come to these meetings prepared to 
participate by asking your instructor questions. You should pay 
attention to the questions which other students ask and to the 
answers which your instructor gives. Very commonly, an 
instructor will answer a particular question by pOinting out 
where the relevant material to answer a question may be found in 
the texts and by providing a brief summary of the material. 
Accordingly, you should bring your texts to recitation. In the 
absence of questions from the students, the instructor will ask 
quotstions. 
Several television presentations will be given and discussed 
in recitation. Students will be held responsible for the content 
of such presentations. 
The recitation sections are also important in that it is 
there where the instructor will announce various course details, 
modifications, approaching deadlines, administrative details, 
etc. 
THE GENERAL BIOLOGY TESTING CENTER 
The General Biology Testing Center is located in Room 52 
Rightmire Hall. In this room are over thirty computer terminals 
on which students will take tests for this course. An 
orientation to the General Biology Testing Center will be given 
in recitation. These are the Winter Quarter hours for the center: 
Monday - Thursday 8:30 a.m. - 9:30 p.m. 
Friday 8:30 a.m. - 4:30 p.m. 
Saturday 8:30 a.m. - 12:30 p.m. 
Sunday 1:30 p.m. - 7:30 p.m. 
The General Biology Testing Center will open this quarter as 
follows for the students indicated: 
January 12, 1988 -for students in Biology 110 in Tuesday/-
Thursday recitation sections and all 
students in Biology lION 
January 13, 1988 -for students in Biology 110 in Wednesday/-
Friday recitation sections 
Your behavior in the General Biology Testing Center must be 
the same as for any testing situation. University Rules require 
that an instructor report all instances of what the instructor 
perceives as academic misconduct to the University Committee on 
Academic Misconduct. Each student in General Biology will have 
an individual sign-on code. Under no circumstances whatsoever 
shOUld one student sign on the computer or attempt to take a test 
with another student's sign-on code. 
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When you take a test at one of the computer terminals in the 
General Biology Testing Center. your behavior must be beyond 
reproach in order for you to avoid becoming involved with charges 
and the serious consequences of academic misconduct. Even the 
presence of crib notes on or near your person will be interpreted 
as an attempt to cheat. Accordingly. we absolutely require that 
all books. notes. study sheets. walkman radios or cassettes. 
other personal belongings. etc. be left either on the bookshelf 
near the door or on the floor under the table on which the 
computer terminal sits. Talking to another student is not 
permitted. nor are you allowed to look at the screen on a 
terminal being used by anothe, student. Test questions are not 
to be copied from the terminal. 
Scratch paper is available from the monitors on duty. and 
such scatch paper must be turned in to the monitor when you leave 
the terminal. The only written information which a student is 
permitted to carry away from the terminal is a listing of the 
numbers of the objectives not mastered on a test and study guide 
page numbers. These numbers will allow the student to identify 
the objectives not mastered and material which should be studied. 
Certain questions will refer the student to material in what 
we call the visuals book. a binder located next to each terminal. 
Students are allowed to use a visuals book only during a teat. A 
visuals book may not be' borrowed for study. 
Certain tests will include one or two 
previous units. Therefore, you should review 
units involved and take the tests in the correct 
questions from 
the prerequisite 
order (A ... Pl. 
If, during a test, you encounter problems or have a 
question, simply raise your hand to call the monitor on duty to 
'you. The monitor will listen to your question and answer it if 
regulations allowl otherwise, the monitor will inform you that 
regulations do not permit the monitor to answer the question. 
The monitor will gladly assist you with any mechanical 
difficulties you may be experiencing with the operation of the 
terminal. In general, a monitor will attempt to interpret a 
question which the student has found ambiguous; however, the 
monitor will not discuss or clarify course material relate~ to a 
given question. Nor will the monitor provide the correct answer 
for a question which the computer has scored as incorrect. In 
addition, the monitor will not tell you whether or not your 
answer to a question has been spelled correctly, correct spelling 
being the responsibility of the student. 
BOW TO TAKE A TEST IN THE GENERAL BIOLOGY TESTING CENTER 
During the second week of the quarter, in the recitation 
section meeting, the recitation instructor will present a 
comprehensive orientation to the use of the General 8iology 
Testing Center and how the testing program operates. At that 
time, each student will receive an individual sign-on code. To 
take a test, follow these steps. 170 
1. Go to Room 52 Rightmire Hall and show the monitor 
on duty at the desk immediately inside the door 
your photo identification. Onder no circumstances 
will a student be allowed to take a test without 
a photo identification. 
2. Sign your name on the appropriate blue sheet. One 
blue sheet is for students coming to take a test on 
a ·walk-in- or "first-come, first-served" basis and 
serves as a record of those students waiting to be 
assigned to a terminal. A student is not allowed 
to be on the same waiting list at more than one 
position on the list. The second blue sheet is 
for students who have reservations. The 
reservation procedure is detailed below. 
3. When a terminal becomes available and it is your 
turn, the monitor will assign you to a terminal. 
At this time, the monitor will fill in all of the 
remaining information on the blue sheet by your 
signature except the sign out time, which the 
monitor will record when you leave the General 
Biology Testing Center. 
4. You will be given 30 minutes at your assigned 
terminal to take your test(s). You are allowed to 
take only one test on a given unit in anyone 
session. Then, you must sign off and study for at 
least 30 minutes before you will be allowed to 
retest over the same unit. You are, however, 
allowed to test over several different units during 
the same session. If not all of the terminals are 
in use and no other students are waiting for a free 
terminal. then you will be allowed additional time 
beyond the 30 minutes. In general. you will find 
that 30 minutes is more than adequate for your 
completion of a test. If. however, you are not 
finished with a test when your time on the terminal 
is up. the monitor will sign you off such that, 
when you next sign on the computer. your test will 
resume with the next question. Accordingly. there 
i8 no reason why you should be rushed for time. If 
an emergency should arise during a test. summon the 
monitor to sign you off the computer and thereby 
conclude your session. Do not attempt to sign 
yourself off in the middle of an exam. 
5. Be certain that all of your personal belongings are 
placed on the bookcase by the door or on the floor 
under the table of the terminal to which you have 
been assigned. You are permitted to have a piece 
of scratch paper at the terminal, and the monitor 
will provide you with that paper. 
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6. Follow the directions which were given you in 
recitation and sign on the computer. Make or 
cancel a reservation, if you wish, before you start 
the test. 
7. Take the test. There are 25 questions on the unit 
tests, 50 questions on the comprehensive final 
examination. The questions are of the multiple 
choice or fill-in-the-blank type. Each test 
consists of a prescribed mixture of A-, B-, and C-
level questions. An A-level question is straight 
recall and is worth 1.0 point. A a-level question 
is an application question and is worth 1.5 pOints. 
A C-level question is of the practical exam type 
and is worth 2.0 points. Consult the visuals book 
next to the terminal if you are directed to do so 
when the computer presents you with a question. 
For each test, the questions are drawn from a very 
large bank of questions, so large, in fact, that it 
is virtually impossible for any two tests on the 
same unit to be identical. Clearly, retaking a 
test in the hope that the questions will be 
identical to those on a previous test will not be 
at all effective. 
8. If the computer scores one of your answers as 
incorrect but you feel your answer was correct, 
raise your hand to summon the monitor before you 
transmit to get the next question. In order for 
you to receive credit for a question which the 
computer has scored as incorrect but which you feel 
is correct, you and the monitor must fill out a 
green 'problem sheet." The monitor, who will be 
familiar with the procedure involved, will assist 
you in filling out the problem sheet and will see 
to it that the problem sheet is processed. 
9. At the end of each test, the computer will inform 
you of the numbers of the objectives on which you 
missed questions. Jot down those numbers and 
restudy the corresponding material before you 
retest on that unit. The monitor will gladly 
discuss the objectives with you after you have 
completed your testing session. 
10. When you have completed your session at the 
terminal, sign off by selecting item six from the 
menu of choices. Summon the monitor if you 
experience any problems in attempting to sign off 
the computer. Inform the monitor that you have 
signed off, whereupon the monitor will record the 
time on the blue sheet. 
TEST LOCKOUTS 172 
In addition to the 30-minute session limit mentioned above, 
there is a system of additional lockouts from testing, a system 
which has been implemented in order to prevent student abuse of 
the retesting option and to assure that students realize that 
only additional study between tests will result in an improvement 
of a test score. There are three types of additional lockouts. 
1. SESSION NON-MASTERY LOCKOUT. If you do not achieve 
a score of at least 70% on any two tests during the 
same session, then the computer will not allow you 
to do any further testing at all until the next 
day, at which time the computer will automatically 
remove the Session Non-Mastery Lockout. 
2. UNIT NON-MASTERY LOCKOUT. If you do not achieve a 
score of at least 70\ after two initial attempts on 
that unit test, then you will be locked out f tom 
further testing on that unit. This type of lockout 
will not be removed automatically; you must first 
have a conference with your recitation instructor. 
Only your instructor will be able to remove this 
lockout I however, before your recitation instructor 
will remove this lockout, you must be current with 
your testing. You will again be locked out for 
this unit test if you do not achieve a score of at 
least 70' on your third test of the unit. A unit 
non-mastery lockout on one unit will not, however, 
prevent you from testing on other units provided 
you are .not locked out of them. 
3. UNIT MAXIMUM TESTS LIMIT. You will be permanently 
locked out from a unit test after four attempts on 
that unit test, and you will be permanently locked 
out from further testing on the final examination 
after three attempts. 
RESERVATION PROCEDURE rOR TERMINALS IN THE TESTING CENTER 
A terminal reservation system is available in order to 
assure that students can have adequate use of the terminals in 
the General Biology Testing Center. Proper use of the 
reservation system will decrease the amount of time you spend 
waiting for a terminal to become available, particularly towards 
the end of the quarter when many students are trying to use the 
testing facilities. 
You will be able to make two half-hour reservations per 
week for three weeks in advance of the current date. For 
purposes of this reservation system, the week begins on Monday 
and ends the following Sunday. You will be able to make your 
reservations from the terminals in the General Biology Testing 
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Center and from the terminals located in Browsing Room 7, Main 
Library. :hese same facilities may be used to cancel a 
reservation. If you have a reservation but are unable to keep 
it, please use the available facilities to cancel the reservation 
so that other students will have the time available to them. 
The actual procedure to use the computer to make or to 
cancel a reservation is quite simple. The computer will actually 
lead you through the process, simply follow the directions given 
to you by the computer. 
The last week of classes and the week of final examinations 
are weeks when the General Biology Testing Center is intensively 
used. Students will particularly want to have reservations 
during those two weeks, and reservations for those weeks can be 
made starting 'on Thursday, February 25, 1988. 
If you do not arrive at the General Biology Testing Center 
and claim your reservation within five minutes after the time of 
your reservation, your reservation will be cancelled. 
Very occasionally, due to mechanical fallure. or other 
circumstances beyond our control, the computer will not be 
working at the time of your reservation. We can only apologize 
for the inconvenience and hope that such computer failures happen 
only infrequently. Your understanding of such situations will be 
appreciated. 
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Your grade in the course is entirely based on your 
cumulative score achieved over the 10 units of the course. your 
score on the final examination, and your bonus points (see 
below). No consideration whatsoever will be given to borderline 
cases. The plus and minus system of grading is used in the 
course. When we calculate the course grade, we will use a zero 
for any unit test which has not been taken before 4:30 p.m., 
Friday, March 11, 1988. Similarly, we will use a score of zero 
for your final examination score if the final examination has not 
been completed by 4:30 p.m., Wednesday. March 16. 1988. 
Throughout the quarter. you can see how 
by checking your performance record and your 
when you are signed on the computer. 
well you are doing 
cumulative score 
The maximum total pOints available in this course is 406 
points, and the table on the following page gives the scale which 
will be used to assign course grades. 
COURSE GRADE CUMULATIVE SCORE CUMULATIVE SCORE 174 (per cent) (points) 
A 93 
- 100 376.0 
- 406.0 
A- 90 
- 92 363.5 - 375.5 
B+ 87 
- 89 351.5 - 363.0 
B 83 
- 86 335.0 - 351.0 
B- 80 - 82 323.0 - 334.5 
C+ 77 - 79 311.0 - 322.5 
C 73 
- 76 294.5 - 310.5 
C- 70 
- 72 282.5 - 294.0 
0+ 68 - 69 274.5 - 282.0 
0 60 
- 67 242.0 - 274.0 
E 0 
- 59 0.0 - 241. 5 
BONOS POINTS 
There are three sources of bonus pOints for students in this 
course. The first Source is from handing in completed laboratory 
work as such work is called for in the meetings of the recitation 
sections. 
Bonus 
Points 
Completed 
Laboratory 
Work 
At the start of each recitation section 
meeting. starting with the week of January 11 and 
continuing through the eighth week of the quarter. 
the instructor will collect from each student a 
random page of laboratory work from the laboratory 
manual (Eberhard) --a random week's unit of study. 
The specific page will vary from one recitation 
section to another. The page will be accepted by 
the instructor only at the start of the recitation section 
meeting. If the page is not handed in at that time. the student 
will receive no bonus pOints for the work involved. 
The instructor will then examine the collected pages and 
give one bonus point to the student concerned if the student has 
completed the laboratory work on the collected page. The pages 
will then be returned to the students at the following meeting of 
the recitation section. Op to 14 bonus points will be available 
by this method. The bonus points from the laboratory work will 
be registered on the computer during the ninth week of the 
quarter. . 
We are unable to define (nor do we have the time to verify) 
what is a valid absence from recitation. Accordingly. our policy 
must be that the bonus points will be given only if the"selected 
laboratory page has been completed and only if the page is handed 
in when called for by the instructor. The policy is simple. If 
you are present at recitation and hand in the page of work called 
for. and if the work has been completed. then you get the bonus 
point; otherwise. you do not get the point. 
Bonus 
Points 
For 
Prompt 
Unit 
Mastery 
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The second source of bonus points for 
students in this course is from the student 
achieving mastery on the various unit tests by 
the corresponding testing deadline. These bonus 
points are awarded to students who achieve a 
scare of at least 70% on a un!t test according to 
the following table: 
BONUS POINTS AVAILABLE FOR PROMPT UNIT MASTERY 
-----------------------------------------------------------------UNIT DEADLINE 
(rrun/ddlyy) BONUS POINTS AWARDED IF FIRST MASTERY IS ACHIEVED BY 4:30 P.M. ON DEADLINE DATE ON TEST 
11 .2 t3 t4 
=-•••• _-••••• _-.-= ... ===========._-=.== ••• _====.=====-=-==-====== 
A 
B 
C 
D 
E 
F 
G 
8 
I 
J 
Bonus 
Points 
01/29/88 
01/29/88 
01/29/88 
01129188 
02105/88 
02/12/88 
02119188 
02126/88 
03/04/88 
03/11188 
For 
LEARNING 
STYLE 
EVALUATIONS 
2 1 0 0 
2 1 0 0 
2 1 0 0 
2 1 0 0 
2 1 0 0 
2 1 0 0 
2 1 0 0 
2 1 Q 0 
2 1 0 0 
2 1 0 0 
The instructional staff in General Biology 
is interested in the learning characteristics of 
students in Biology 1l01l10N in order to improve 
course instruction. Therefore. the Learning Style 
Profile will be administered in the second class 
period. 
Learning Style is a measure of how a student learns and 
likes to learn. Style includes cognitive. affective and 
environmental elements that describe how learners perceive. 
interact with and respond to the learning environment. A 
knowledge of learning style offers teachers and students a more 
rational, more personalized. more modern approach to education. 
The Learning Style Profile will only be administered once 
during the quarter. but you will be awarded three bonus points 
for completing the inventory. During the same .class period. you 
will be given another learning style evaluation. Myers-Briggs 
Type Inventory (MBTI) to take home. complete. and return the next 
class period. You will be awarded three additional bonus paints 
for completing and returning the MBTI. 
Later in the quarter the results of the inventory· will be 
giVen to you in recitatlon. The explanation of your results will 
be given in a general assembly on February 16 and 17. the times 
of which will be announced in recitation. If you attend a 
general assembly you will receive an additional 3 bonus points 
for a total of 9 possible bonus points. 
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This bonus point system will enable the student to receive 
up to 14 bonus points from handing in completed laboratory work, 
up to 20 bonus pOints from prompt unit testing, and up to 9 bonus 
points for the learning style evaluations--a maximum of 43 bonus 
points. The bonus pOints will be added to the cumulative points 
obtained by the student from testing. The total number of points 
possible from testing alone is 406. The bonus point system will 
allow the maximum total to be as high as 449 or 111% for the 
course. 
IMPROVING YOUR GRADE 
After you have taken at least one test on each of the 
required units and the final examination, you are in a position 
to improve your course grade. Begin by comparing your cumulative 
SCore plus your bonus points with the grading scale. To improve 
your cumulative score, you must increase the cumulative number of 
points you have obtained. The total number of points possible 
from testing is 406. There are 43 possible bonus points. 
You must be aware of the rounding done by the computer when 
the computer displays your cumulative percentage score. The 
computer does keep track of the figures to the right of the 
decimal point in your cumulative score percentage; however, the 
computer does not display those figures. For example, an actual 
percentage score of 83.499999 would be displayed as 83, while an 
actual score of 83.500000 will be displayed as 84. Your total 
points, of course, will not be affected by rounding. 
In order for you to understand how to improve your grade, 
consider this example. Suppose a student completes the course 
with 310 points from testing out of 406 points, a cumulative 
score from testing alone of 76%. The grade would be a C. To get 
a B-, this student's cumulative score must be at least 80%, an 
increase of 4' for the cumulative percentage score, or 
approximately 13 more pOints. The student also has 10 bonus 
pOints coming. The student still needs an additional 3 points 
in order to get the B-. The student examines the performance 
record (option 2 from the menu of choices> and notices that more 
than 15 pOints were lost on two units. The student studies the 
material on those units and retests. The student's total points 
from testing go up to 314; and, with the 10 bonus points 
considered, the student has a total of 324 points, a cumulative 
score of 80'. The student has the desired B-. 
You can do the same thing to improve your grade, but you 
must restudy the material before you retest. You must also 
attend the meetings of your recltation section and turn in the 
appropriate laboratory page in order to get your bonus· points. 
Otherwise, there is no way to improve your grade. You must put 
forth the effort and study. 
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The policy concerning giving an Incomplete grade to a 
student is very firm and simple. A student who has been 
attending recitation regularly, who has completed at least the 
first six units, who is passing the work completed, but who, due 
to extenuating circumstances beyond the control of the student 
finds it impossible to complete the course, will be considered 
for an Incomplete. 
The decision to give a student an Incomplete will be made 
only by the coordinator of the course. 
If circumstances arise such that you 
course responsibilities and obligations, 
instructor immediately. 
are unable to meet your 
contact your recitation 
A student will sometimes behave irresponsibly during the 
quarter by cutting recitation class and falling behind with the 
assigned work. Such a student commonly does poorly on tests but 
fails to seek help. Then, when a legitimate problem (illness, 
death in the family, etc,) arises near the end of the quarter, 
the student seeks an Incomplete in the course. Usually, in such 
a case, an Incomplete is not granted due to the previous 
irresponsible behavior of the student. No one can predict the 
future, and emergency situations do arise. Accordingly, it is in 
the best interest of the student to behave responsibly against 
the possibility that such an emerge,cy occurs and an Incomplete 
might be necessary. 
If an Incomplete is given to a student, then that student 
will have until noon on the Friday of the sixth week of the 
quarter following the one in which the Incomplete was received to 
finish the course. For such a student, the original sign-on 
code will remain valid. The student's previous test scores will 
be retained, and the student will be allowed to continue testing 
when the Testing Center opens the next quarter. A student who is 
working on finishing an Incomplete has the responsibility, 
however, to contact the course coordinator and to complete the 
remaining course work by the deadline mentioned. 
REVIEW OPPORTUNITIES 
ReView Carrels in the Sio-Learning Center 
Each week, in the SLC, the tapes, slides, and some of the 
laboratory demonstrations and exercises for the previous week's 
Work will be in designated carrels. In addition, certain other 
carrels will be set up so that you can request the lecture tape 
(but not the slides and laboratory materials) for the work of any 
week of the quarter. These review carrels will be identified on 
the tagboard, and you are welcome to use these review facilities. 
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You may listen to the current week's lecture tape or the 
previous week's lecture tape away from the BLC at a variety of 
locations. At these locations, dial III for the current week's 
tape; dial 132 for the previous week's tape. The tapes are 
started on the hour; Le., 8:00, 9:00, 10:00, etc. You will not 
have control over the tapes; they will be played straight 
through. If you begin, for example, at 8:15 a.m., you will have 
missed the first 15 minutes of the tape. Questions about the 
availability of these facilities can be asked by your calling 
292-9682. Here are the locations and hours for the remote area 
booths: 
Lincoln Tower 
Main Library 
Morrill Tower 
Morrison Tower 
Ohio Union 
Royer Commons 
Siebert Hall 
Stradley Hall 
Sullivant Hall 
Room 1504 
Room 105 
Room 310 
First Floor Study 
Brows ing Room 
Basement, S-l 
Room 12 
Room B-3 
Rooms 182 and 274 
The hours, which are SUbject to change, for these facil-
ities are: Monday through Thursday, 8:00 a.m. - 10:00 p.m.; 
Friday, 8:00 a.m. - 5:00 p.m.; Saturday, closed; Sunday, 2:00 
p.m. - 10:00 p.m. Dialing system hours are subject to the 
building hours. 
Tape Libraries 
If you wish to have control over a review tape, 
facilities of the Tape Libraries, where the tapes may 
but may not be removed from the facility. The Tape 
available, with hours subject to change, are: 
Room 60, Denney 8all, 292-2793 or 292-9682 
use the 
be heard 
Libraries 
Monday through Thursday 9:00 a.m. - 9:00 p.m. 
Friday -- 9:00 a.m. - 5:00 p.m. 
Saturday -- closed 
Sunday -- 2:00 p.m. - 9:00 p.m •. 
(TV video cassette tapes may be checked out and used in 
Room 60, Denney Hall.) 
Room 108, Cunz Hall, 292-9776 
Monday through Thursday 8:00 a.m. - 7:00 p.m. 
Friday -- 8:00 a.m. - 5:00 p.m. 
Saturday and Sunday -- closed 
Tape Libraries and Dial Access System Closed January 18 .. 
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You may call 292-4328 and request any lecture tape to be 
played to you over the telephone. Request Channel 111 for the 
current week's tape or Channel 132 for the previous weeK's tape. 
In addition, you can request the tape for any unit to be played. 
Your Own Copies of the Tapes 
If you wish to make your own copy of a tape, simply take 
two, good quality 60-mlnute cassette tapes (or reel-to-reel) to 
any of thp Tape Libraries and receive a copy of the unit you wish 
to study. Blank cassette tapes can be purchased at the Office of 
Learnin, Resources Store, Room 3, Lord Hall. 
gb2:fppau87.txt 
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UNIT A, MICROSCOPY AND LEVELS OF ORGANIZATION 
Reading Assignments in Davis and Solomon: pages 
200-209, 261-270. Reading Assignment in Eberhard: 
3-25, 60-66, 
pages 13-18. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to. 
1. Define "biology" and discuss its applications to human life 
and society. 
2. Define 
whereby 
of laws. 
"scientific method" and list the general sequence 
scientists build on observations in the formulation 
3. Outline the ethical dimensions of science and give examples 
of ethical problems that may arise in the course of a 
scientific investigation. 
4. - 6. Reserved (objectives to be added for a future quarter). 
7. Give the characteristics of a~, specifically, a 
bacteriophagel describe the structure of a virus and trace 
the steps that take place in the process of viral infection. 
8. Define adaptation and describe its function in promoting 
perpetuation of a species. 
9. List and briefly describe the characteristics of living 
systems. 
10. Reserved. 
11. Define the terms biospbere, ecosystem, cOmmunity, 
populAtion, organism, ~ system, organs, tissues, ~, 
orgAn,1le., macromolecules, molecules, ~, and subatomic 
particles a8 these are treated in Figure 1-12 of Davis and 
Soloaon and as the terms relate to a continuous hierarchy of 
levels of organization. 
12. List in sequence and briefly describe each of the levels of 
organization as these are defined relative to Figure 1-12 of 
Davis and Solomon. 
13. Reserved. 
14. Summarize the contributions of M. 
R. Hooke, A. van Leeuwenhoek, and 
theory. In addition, identify 
scientists study cells. 
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J. Schleiden, T. Schwann, 
R. von Virchow to the cell 
modern methods by whlcn 
15. Outline the history of the scientific investigation of the 
nucleiC aCids, giving the major contributions of Mlescher, 
Watson, and Crick. 
15. Explain why the cell is considered the basic unit of life 
and state the cell theory. Describe the general 
characteristics of cells, . for example, size, range, and 
shape. 
17. Compare and contrast the features of the compound ~ 
microscop' with those of the stereomicroacope. 
18. Identify at least one advantage of each of the 
of microscopes studied, i. e. compound light 
stereomicroscope, and electron microscope. 
three types 
microscope, 
19. Compare and contrast the features of the compound light 
microscope with those of the electron microscope. 
20. Define the terms magnification, resolution or resolving 
~, ~ !l.t lli..l.£, lli..l.£ ti ili.!t:, and worKing distance. 
21. Operate 
mounts, 
lighting 
the microscopes in the laboratory by preparing wet 
focusing on speCimens, and adjusting for various 
effects. 
22. Identify low, medium and high power objectives and noting 
the effects of each on resolving power, magnification, depth 
of field, field of view, and working distance. 
VOCABULARY 
(In addition to the underlined terms given above.) 
amoeba (amebal 
asexual reproduction 
base 
coarse adjustment knob 
compound 
conClusion 
condenser lena 
constant 
Control 
diaphragm 
ecosphere 
b:unita.txt(2) 
electron 
eyepiece 
fine adjustment knob 
focus adjustment knob 
homeostasis 
hypothesis 
in-base illuminator 
inference 
image inversion 
metabolism 
neutron 
nucleic acid 
objective lens 
ocular lens 
protein 
proton 
reflected light 
sexual reproduction 
stage 
theory 
total magnification 
transmitted light 
variable 
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cNI~ B, CELL~LAR ORGANIZATION ANO fUNCTION 
Read1Dg ASSlgnments 1n :lavlS and Solomon: ;:>ages 4-:3, 60-84, 86-
:J:, and 155-16.. Read~ng Ass.gnmen: 1n Eberna:d: pages :9-32. 
~EARN:NG OBJECTIVES 
After you have studied the material of this unlt, you ~111 ~e 
aole :0: 
1. explain ~hy tile cell is considered the basic unie of Uf. 
and state the cell tneory. Oescr1be the general 
charact.ri.stics of cells, for example, size, range, and 
shape. Identify modern methods by Wh1Ch scientists study 
cells. Define, explaln, and give examples of eUKaryotic and 
proKaryotic cells. 
2. 
J. 
Contraat proKaryotlc and eukaryotic 
and animal cells. Compare and 
structure and function of tUKAryote, 
cellsl contrast plant 
contrast -the cellular 
And prokaryote'. 
Construct. by drawing 
currently accepted model 
~ mo •• ic ~. 
and labelinq. and explain 
of cell membrane structure. 
the 
the 
•• Draw and label a diaqram of a prokaryotic cell. • plant 
cell. and an animal cell. De.cribe and list tbe functions 
of tbe prinCipal organelles. 
S. Locate in tbe illustrations and electron microqrapbs of the 
text tbe following-structures, 
plAIM mlgabraD. 
cy",oD1l,m 
alll!!All 
nucleus 
puS;;1.01uI 
nucl,.r InvtlOR' 
@odopl.,mic r'kiculum 
Sl2.W. compl" 
mitochondria 
cplorgpl.st 
g"anA 
strom. 
nucleic lli.d..l 
"ribgsomes 
cent.rio1,s 
ly,o,om.3 
y.cuol,. 
~. Give a aimple statement or two to de.cribe tb. function of 
eacb of the structure. and or9anelle. listed in tbe 
pr.ced1nq objective. Distingui.b b.tween smo9th and ~ 
.n4qpl ... t~ r.ticulum and d •• crib. the function&l rel.tiGD.~p between ribolomes and endopla.mic reticulum. 
Deacribe ,bov tb. Gclqi complex packaq.. ..cr.tion. and 
aanutacture. lyso.ome,. State tbe function of the 
aitochondria and explain wby tbe •• orqanelle. ar. called the 
pow.r plant. of the cell. Compare microtubule. and 
microtil ... nt. and describe tbe aicrotrabecular lattice. 
D •• crib. the .tructur. and function of tb. cell nucleus. 
7. Pr.pare aicro.cope slide. ot 'typical' animal and plant 
cell. and d •• crib. your obaervation. mad. wben you view such 
.lide. under'th. compound microscop •• 
2 
8. 
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Discuss the importance of the cell membrane eo the cell. 
describing the various function. it perform.. Describe the 
structure of the cell membrane. De.cribe the funcc10ns of 
membrane proteins. 
9. De.cribe the plant cell vall and its function. 
10. Define and explain the terms selective permeability. 
diffusiqn, olmgsis, and Active transport. Give examples of 
each phenomenon occurri~. 1n human syatem8. 
11. Reserved. 
12. Identify the factor. vhich affect the rate of diffusing 
particle. and generalize the application of these factors 
relative to the ~ membran.. Contra.t the phy.ical with 
the phYSiological proc..... by which materials are 
transported acro •• cell m.abran.s. Solve .imple problems 
involving osmosi.. for example, predict vhether cells will 
svell or shrink under various o.aotic conditions. 
13. Summarize the currently accepted hypothe.is of 
hydrophilic molecule. are transported through 
melllbrane. 
bow 
the 
Compare and 
·,ndocyto,il.-
of endocytos 18, 
contrast the phenoaana ·'XQCyto.i.· 
Explain the difference between the two 
·ph'99Cyto,i'· and ·pingcytg,i •• -
1111&11 
cell 
and 
typ .. 
·15. D.scribe the g.n.ral structur. of a chromosome and give the 
gen.ral function of a g.ne. 
16. 
17. 
State the biological 
simple s.ntences. 
stage of mitosis 
chromosom ••• 
significance of.m1tol1s in tvo or three 
D.scribe the events occurring in each 
vith empha.i. on the behavior of 
Identify 
contrQller.-
text. 
·ChrOMo.om •• ,· ·chromatids,· and -e6m;OD 
by locating the.e in the illu.trations in your 
18. Identify the .tage. of aitoai. a. ob.erved in the onion root 
tip. Identify the .tage. in the cell cycle end de.cribe the 
... in e.ent .•. of each. 
19. Draw, define, and ezplain in .entence. the .tage. of 
the ~.~ .tuting with iotupb ... and continuing on 
through.~e .tage. of aito.i., i. e., propha.e, ,etaphast, 
ADlpha •• , and t,lophl". 
bl unitb, txt (2) 
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VOCABULARY 
(In addition to the underlined terms given above,) 
bacteria 
cyanobacteria 
carbohydrate 
cell plate 
cellulose 
central vacuole 
chromatin 
cleavage furro.., 
concentration gradient 
cristae 
cyclosis 
cytok ines is 
cytoplasmic streaming 
desmosome 
differentially permesble 
dUplication 
equilibri.um 
b: unitb. txt (2) 
fat 
gap junction 
genetic material 
homeostaSis 
hydrophobic 
intercellular space 
karyoki.neSis 
lignin 
lipid bilayer 
microbodies 
middle lamella 
mitotic spindle 
molecular motion 
net movement 
nUClear pore 
nUCleoplasm 
pectin 
photosynthes lS 
plasmodesmata 
plasmolys is 
protein 
protein syntheSis 
replication 
respiration 
spindle fiber 
solute 
solvent 
starch grain 
thylakoids 
vaCUOle 
veaicle 
zymogen (granules) 
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UNIT C, COMPOSITION OF LIVING HA~ER 
Reading Assignments in Davis and Solomon: pages 26-59, 200-213, 
and 237-243. Reading Assignment in Eberhard: pages 1-7. 
LEARNING OBJECTIVES 
After you have studied toe material of this unit, you viII be able 
to: 
1. Interpret simple chemical formulas, strUCtural formylas, and 
simple cbemical equations. 
2. Diagram the basic structure of the ~ 
the conventions presented in Chapter 2 of 
shoving the positions of protons, 
electrons. 
in accordance witb 
Davis and Solomon, 
neutrgns, and 
3. Identify the biologically Significant elements in Table 2-1 
of Davis and Solomon by their chemical symbols, and summarize 
the main functions of each in living organisms. 
4. Sketch the electron configuration of the sodium atom, the 
chlorine atom, and the sodium chloride compgund. 
S. Compare and contrast an atom vith an ion. 
6. Calculate the ~ nymber given the number of protons and 
n.utrons contained in the atomic nycleus. 
7. Reserved. 
8. Calculate atomic numPer, given mass number and the number of 
neutrons. 
9. Reserved. 
10. Defin. the term electron orbital and relate orbitals to 
en.rgy lev.ls; relate the numb.r of valence electrons to the 
chemical prop.rties of the elem.nts. Compare and contrast 
electron lbsll vith elec;rgn ~. 
11. Distinguish b.tw •• n the typ.s of chemical bonds that join 
atoms to fora ~ and coyalent compounds, and give the 
charact.ristics of each these types of chemical bonding. 
12. Contrast ozidation and reduction and explain how these 
process •• are linked. 
13. Distinguish between inorganic and organic compounds and 
id.ntify the biologically important inorganic compounds. 
14. Discuss the properties of vater molecules and 
importance to living things. 
their 
, 
j 
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15. Compare and contrast the macro~olecules Carbohydrates, 
lipids, protein§, and nucleic A£iSA by statlng their 
biological importance, relatiYe size, and functlon and by 
identifying the subunits of the macromolecules. 
16. Distinguish between dehydration synthesis and hydrolysis, 
giving examples of both chemical processes. 
17. Name and draw the "functional groups' of carbohydrates, 
lipids, proteins, and nucleic acids. 
18. - 19. Reserved. 
20. Identify·the carboxyl ~, the ~ ~, and the peptide 
~ in a given dipeptide. 
21. Compare and contrast the terms primary. secondary, tertiary 
and quaternary Strycture in proteins. 
22. Perform and interpret the laboratory exercises involving the 
Benedict's test for carbohydrates, the iodine test for starch. 
the Sudan test for lipids, the biuret test for protein, and 
the amino acid chromatography experiment. 
23. Describe or diagram the basic chemical structure of a nucleic 
acid strand and distinguish chemically between DNA and 
varieties of RNA. Compare and contrast the purine and 
pyrimidine ~ and sugar groups that comprise the 
nUCleotide. of WiA and liliA. 
24. - 25. Reserved. 
26. Given the base sequence of one strand of DNA, predict that of 
a complementary strand of DNA. Compare arid contrast the 
structures of DNA and RNA. 
27. Summarize the ethical and other objections 
raised against recombinant DNA studies and 
practical and research applications. 
that have been 
give potential 
28. Outline the history of the scientific investigation of the 
nucleic acids, giving the major contributions of Miescher, 
Watson, and Crick. Give the kinds of evidence that indicates 
that nucleotide. occur in matched pairs in DNA molecules. 
29. Explain what Watson and Crick meant by 'complementary ~ 
pairing.· What kind of mOlecule bonds with a given 
nucleotide? 
30. State the importance of hydrogen ~ in macromolecules. 
b,unitc.txt(2) 
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UNIT C, COMPOSITION OF LIVING MATTER 
VOCABULARY 
(In addition to the terms underlined above.) 
adenine 
amino acid 
amino group 
antiparallel 
cellulose 
cytosine 
denature 
deoxyribonucleotide 
deoxyribose 
disaccharide 
double helix 
electron configuration 
electrostatic attraction 
element 
energy level 
fat 
fatty acid 
glucose 
glycerol 
glycogen 
.. lycosidic bond 
guanine 
hydroxyl group 
b:unitc.txt (2) 
ion 
isomer 
isotope 
macromolecules 
molecule 
monomer 
monosaccharide 
nitrogen base 
orbitals 
peptide 
phosphate group 
polar molecules 
polymer 
polysaccharide 
ribonucleotide 
ribose 
saturated fatty acid 
semiconservative replication 
starch 
thymine 
unsaturated fatty acid 
uracil 
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UNIT 0, CHEMICAL PROCESSES OF L:FE, PART I 
Reading Assignments in Davis and Solomon: pages 53-58, 72, 74-
75, 105-121, and 214-235. Reading Assignment in Eberhard: pages 
43-47, and 115-119. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to: 
1. Describe the functions and chemical structure of proteins. 
2. Describe the'chemical structure of nucleotides and nucleic 
~ and explain the importance of these compounds in living 
organisms. Differentiate between ~, tBHA, and ~ 
chemically and structurally by stating their function in the 
cell. 
3. Explain the biological significance of 
different ~ ~ and the number 
combinations of three nucleotides. 
the number of 
of possible 
4. Describe the process of transcription. Summarize the 
sequence of events that occur in translation. Describe the 
function of transfer RNA. List the functions of the 
ribosome. Apply your knowledge of the Central ~ to 
explain protein synthesis in eukaryotic cells. 
5. Compare and contrast the primary, secondary, tertiary, and 
quaternary strustures 2f proteins. 
o. Define the terms ~~, ~, anticodon, replication, 
transcription, and translation as these apply to protein 
synthesis. 
7. Construct a paper protein model by applying your knowledge 
of protein syntbesis. 
8. Identify tbe following men 
biological sciences: J. D. 
It. B. r. Wilkin., F.- Jacob and 
with their contribution to 
Watson and F. B. C. Crick, 
J. Monod. 
9. Defin. tb. term. catalyst, enzyme, and activation energy. 
10. Construct a graph showing a hypothetical chemical reaction 
in the absence and presence of an enzyme. Label and explain 
the various parts of your graph, i. e., energy of 
activation. 
11. Contrast enzyme induction and repression in prokaryotes. 
Define active ~ and the following types of inhibi~ion: 
feedbacK. competitive, non-cOmpetitive, and irrtyers~ble. 
Compare the action and effects of the various types ,of 
enzyme inhibitors (e.g., competitive and noncompetltlve 
inhibitors) • 
12. Apply your knowledge 
laboratory experiences 
molecules. 
of enzymes 
with these 
190 
by summarizing your 
biologicAlly importAnt 
13. Explain ~. function of enzymes and describe how they work. 
Describe fa~tors, such as pH and temperature, that influence 
enzymatic activity. 
H. Draw a diagram illustrating an oPeron And describe how it 
functions. 
15. Compare and contrast the structures of nucleotides and ATP. 
16. Define the term energy and contrast potential And kinetic 
energy. 
17. State the first and second laws of thermodynamics and 
discuss their applications to living or9anisms and to the 
ecosphere. 
18. Distinguish between ~ energy, and tt:A energy. 
19. Distinguish between endergonic and exergonic reactioDa and 
explain how they may b. coupled so that the second law of 
thermodynamics i. not violated. 
20. Explain the biological significance of energy of hydrolysis 
in energy-carrier molecules. 
VOCABllLARY (In addition to the terms underlined above.) 
acid 
adenine (A) 
adenosine diphosphate (ADP) 
adenosine monophosphate (AMP) 
adenosine triphosphate (ATP) 
allosteric site 
amylase 
anticodon 
A-site 
base 
baae p&irinq 
calorie 
catala •• 
codinq (plual .trand 
coenzyae 
cofactor 
cytosine (e) 
dehydration synthe.is 
denature 
deoxyribose 
disulfide bond 
deoxyribonucleic acid, (DNA) 
DNA polymerase 
entropy 
enzyme-substrate complex 
b:unitd.txt(2) 
genetic code 
guanine (G)· 
hydrolysis 
induced-fit model 
minus strand 
nitrogen baae 
oncogenes 
peptide 
peptide bond 
pH value 
phosphate group 
polypeptide 
polyribo.ollle 
protein 
P-site 
regulator genes 
ribo.e 
RNA polYII.raae 
structural genes 
sub.trate 
thermodynamics 
thymine (T) 
triplet 
uracil (0) 
rr··' k.:' '\ ;' I .. · ., 
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BIOLOGY 110/110N 
UNIT E, CHEMICAL PROCESSES OF LIFE, PART II 
P!lOTOSYNT!lESrS 
191 
Re4ding Assignments in Davis and Soloman: cages 76, 119, 122-
136, 353-366. Reading Assignment in Eberba:~: 53-66. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to: 
1. Distinguish between autotrophic and heterotrophic ~. 
2. Write a summary reaction for photosynthesis, explaining the 
origin and fate of each substance involved. 
3. Identify the structures in green plants that function in 
4. 
5. 
6. 
photosynthesis. Describe the internal structure of a 
chloroplast. 
Apply the terms reflected, transmitted, 
to the photosynthetic process. 
Discuss the advantages of the C4 pathway. 
Describe the biological significance of 
spectrum, yoy@length, and energy as 
photosynthesis. 
and 4bsorbed ~ 
the visible llsht 
these pertain to 
7. Summarize the events of the light-dependent and light-
independent reactions of photosynthesis, explaining the role 
of light in the activation of chlorophyll. Compare and 
contrast the light-dependent and light-independent reactions 
of photosynthesis and explain the role of water, oxygen, 
sugar, coenzymes, ~, light energy, chlorophyll, and 
photophosphorylation in those reactions. 
8. Summarize the effects of light energy .on carbon dioxide 
utilization in photosynthesis. 
9. Summarize the filter ~ chromatography of chlorophyll 
extract as concerns the separation of the pigments involved. 
10. Contrast cyclic and Q9ncvclic photophosphorylation. 
11. 
Describe how proton gradients form ATP according to the 
chemiol.otic theory. 
Describe the biological significance 
terms of light energy, chlorophyll, 
coenzyme, and ATP. 
of photosynthesis in 
photophosphorylation, 
VOCAB IJLARY 19 2 (In ~ddition to the terms underlined on front.) 
ADP 
Calvin cycle 
carbon fixation 
carotenes 
epidermis 
fluo rescence 
grana 
guard cells 
BUl reaction 
high energy compounds 
hydrogen ion reservoir 
inorganic phosphate 
intercellular air space 
mesophyll 
NAD 
NADB 
NADP 
NADPB 
nanometer 
oxidation 
oxidation/reduction reactions 
palisade parenchyma 
phosphate group 
phosphorylation (oxidative, photo, and substrate) photolysis 
photon 
photosystems I and II 
pigment 
reaction center 
reduction 
Rf value 
spongy parenchyma 
stoma (stomata) 
stroma 
thylalcoid 
xanthopbylls 
unite.txt(2) 
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BIOLOGY 110/110N 
UNIT f, CHEMICAL PROCESSES OF LIFE 
CELLULAR RESPIRATION 
PART ... ... 
194 
Reading Assignments in Davis 
Reading Assignment in Eberhard: 
and Solomon: 
.,ages 67-74. 
pages 137-152. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to: 
1. Write a summary reaction for cellylar respiration, giving 
the orig1n and fate of each substance involved and tne 
biological significance of respiration. 
2. Define, compare, and contrast anaerobic and aerobic 
respiration pathways. 
3. Summarize the events of glycolysis, lactate fermentation, 
alcoholic fermentation, and the ~ citric ~ ~, 
giving the key organic compounds formed and the number of 
carbon atoms in eachl indicate the number of ATP molecules 
used and produced and the transactions in which hydrogen 
loss occurs. 
4. Identify the cellular sites for 
fermentation, alcoholic fermentation, 
acid cycle. Which is (are) anaerobic? 
glycolysis, lactate 
and the Krebs citric 
Aerobic? 
5. Define the function of ATP in glycolysis and respiration. 
6. Summarize the operation of the tlectron transport system, 
including the reactions by which a gradient of protons is 
established across the inner mitochondrial membrane; 
explain how the proton gradient drives ATP synthesis. 
7. Reserved. 
8. Apply the principles of energy utilization to explain, the 
processes of glycolysis, alcoholic fermentation, lactate 
fermentation, and cellular respiration.' 
9. Summarize the events of the citric acid cycle, beginning 
with the conversion of pyruvate to acetyl-CoAl indicate the 
fate of carbon-oxygen segments and of hydrogens removed 
from the fuel molecule. 
10. Compare aerobic respiration with anaerobic pathways in 
terms of ATP formation, final hydrogen acceptor, and end 
products I give two specific examples of anaerobic pathways. 
11. Summarize the principles 
respiration by generalizing 
phosphorylated compounds in 
nutrient molecules. 
and concepts 
the role of 
deriva.tion 
of 'cellular 
ATP and other 
of energy from 
VOCABULARY 
(In addition to the terms underlined above.) 
acetyl coenzywe A 
acetyl group 
ADP 
chemiosmoaia 
citrate 
coenzi'1lles 
cytochrome systems FAD . 
FADB2 
inorganic phosphate 
metabolism 
NAIl 
NAIlB+ + B+ 
oXidation 
oxidative phosphorylation 
PGAL 
phosphate group 
pyruvate 
reduction 
b,unitf.txt(2) 
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~N!~ G, GENE~!CS 
Reading Assignments in Davis and Solomon: pages 586-688, 156-
175, and 176-198. Reading Assignment in obernard: ?ages 7;-,6. 
L~ARNING OBJEC~rVES 
Afte~ you have studied the material of this unit, you will be 
able to: 
1. Contrast the events and ~esults of mj;osis and meios;s. 
2. Cite the similarities and differences between 
soermatogenesis and oogeneSiS. 
3. Describe the events occurring in each stage of meiosis with 
emphasis on the behavlor of chromosomes. 
4. Distinguish between baploid and diploid 
homologqus chrQmo,somes. 
and define 
s. Define synapsis, tetrad formation, and crolsing-over and the 
stages of meiosis in which these phenomena occur. 
6. Summarize the concepts of homologous chromosomes and allelic 
genes. 
7. Define and explain the terms fertilization, zygote, and 
mlI.a. 
S. Describe the structure of a chromosome and give the function 
of a gene. 
9. Identify the stages in the cell cycle and describe the main 
events of each. 
10. Define the baSic terms relating to genetic inheritance, for 
example, ~, dominanc" "cessiven,ss, codominance, 
chromosome, chromatid, homozygous, heterozygous, alleles, 
homologoys, genotype, and phenotype. 
11. Relate the inheritance of genetic traits to the behavior of 
chromo.o.e. in meiosis. 
12. 
13. 
Con.truct and complete a Punnett square to 
this tool can be used to predict genotypic 
ratios among offspring from 4 cross. 
demonstrate how 
~ phenotypic 
Solve simple problems in .genetics involving genotypes and 
phenotypes of monobvQrid and dihybrid c;osses by applying 
Mend"l's lJn. 
14. Solve simple problems in genetiCS involving incompl¢te 
dominance, polyg,nes, and multiple all~les. 
--------------------------.. 
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~N!T G, GEN£T:CS 
Reading Assignments in Davis and Solomon: pages 686-688, 156-
175, and 176-198. Reading Assignment in "be<na<d: ?ages 75-96. 
~eARNr~G OBJECTrVES 
Aftec you have studied the material of this unit, you will be 
able to: 
1. Contrast the events and results of mi;csis and meiosis. 
2. Cite the similarities and differences between 
spermatogenesis and oogenesis. 
3. Describe the events occurring in each stage of meiosis with 
emphasis on the behavlor of chromosomes. 
4. Distinguish between haploid and diploid 
homologous chromosomes. 
and def ine 
s. Oefine synapsis, t,trad formation, and er03si09-0Y'£ and the 
stages of meiosis in which these phenomena occur. 
6. Summarize the concepts of homologous chromosomes and allelic 
genes. 
7. Define and explain the terms fertiljzation, zygote, and 
~. 
8. Describe the structure of a chromosome and give the function 
of a gene. 
9. rdentify the stages in the cell cycle and describe the main 
events of each. 
10. Define the basic terms relating to genetic inheritance, for 
example, £InA, dominance, recessiveness, codomlnance, 
chromosome, ehromatid, homozygous, hecerozvQouS, alleles, 
homologoys, genotype, and phenotype. 
11. Relate the inheritance of genetic traits to the behavior of 
chromo.ome. in meiosis. 
12. Con.truct and complete a Punnett square to 
this tool can be used to predict genotypic 
ratios amoni qffsg,iog from 4 cross. 
demonstrate how 
W I1henoeypjc 
13. Solve simple problems in.genetics involving genotypes and 
phenotypes of monohybrid and dihyb,id crosses by applying 
Mendel's ~. 
14. Solv. simpl. problems in genetics involving incomplete 
dgminance, polyg,n,s, and multiple alleles. 
15. Recognize 
be able 
linkage. 
197 
a state of genetic linkage and, given an example, 
to solve simple genetic problems involving sex 
16. Explain how the cross Aa x aa (where A and a are two alleles 
at an autosomal locus and the allele A is completely 
dominant) ·is a test ~. 
17. Explain what is meant by codominance and how it differs from 
complete dominan~e and how, if in any way, codominance 
differs from intermediate inheritance. 
18. Identify ,the gametes .and genotypes involved in a cross of 
AABB x aabb and in a cross of AaBb x AaBb. 
19. Construct and complete a Punnett square to 
this tool can be used to predict genotypic 
ratios in a dihybrid ~. 
demonstrate how 
and phenotypic 
20. Describe how the law 2! independent assortment applies to 
the types of crosses given in objectives 18 and 19. 
21. Reserved. 
22. Explain the inheritance pattern of the human 1 ~ I 
chromosomes. 
23. Distinguish between homozygous and heterozygous genotypes. 
Relate genotype to phenotype in terms of dominance. 
24. Describe the inheritance of seX-linked genes. 
25. Explain how ~ linked inheritance differs from autosomal 
inheritance. 
26. Explain 
inVOlved 
trait as 
how the expected genotypic and phenotypic 
will differ if a ~ is inherited as a sex 
compared to an autosomal trait. 
ratios 
linked 
27. Describe the inheritance of the Ell and hllQ factors and· 
outline the mechanisms of Rh disease. 
28. Define the terms linkage ~ and chromosome mA£. 
29. Summarize the characteristics of selected genetiC diseases 
and selected chromosomal disorders. 
30. Successfully complete the assigned laboratory work involving 
genetic studies with Drosophila. 
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UNIT G, GENETICS 
VOCABULARY --IN ADDITION TO THE TERMS UNDERLINED ABOVE 
albino 
autosomp,s 
centromere 
differentiation 
egg 
embryo 
erythloblastosis fetalis 
fertilized egg 
flagell'lm 
gametogenesis 
gametophyte 
genetic cross 
histones 
hybrid 
interkineSis 
law of dominance 
laws of inheritance 
law of segregation 
locus 
mutation 
b: unitg. txt (2) 
nucleosomes 
oogonia 
ovary 
ovum 
polar bodies 
primary oocyte 
primary spermatocyte 
progeny 
pronucleus 
pure-breeding strain 
secondary oocyte 
secondary spermatocyte 
sex chromosome 
somatic cell 
sperm 
spermatid 
sporophyte 
testis 
true-breeding strain 
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BIOLOGY 110/110N 
UNIT B, P~NT AND ANIMAL REPRODOCTION AND DEVELOPMENT 
Reading Assignment in Davis and Solomon: pages 61-62, 169-171, 
351-408, and 634-682. Reading Assignment in Eberhard: 215-226 
and 275-284. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to: 
1. Oefine growth, morphogenesis, and crllular differentiation, 
and describe the role of each process in the development of 
an organism. 
2. Discuss the adaptive advantages 
sexual and asexual reproduction. 
of asexual reproduction. 
and disadvantages of both 
Give two specific examples 
3. Describe two methods of asexual reproduction in plants. 
4. Compare sexual 
angiosperms. 
reproduction in gymnosp@rms and in 
5. Describe the events leading to and including fertilization 
of an ~ (~). 
6. Describe the role of an egg and ~ during fertilization. 
7. Compare and contrast the terms cleavage and growth. 
8. 
9. 
Compare and contrast successive stages of seastar and 
development. 
Describe the stages of development including the stages 
the one=cell ~ to the If-cell~, the blastula, 
gastrula, the implantation of the zygote, and 
development of the placentA, and give the functions of 
placenta and the amnion. 
10. Name and locate the three primary ~ lavers. 
frog 
from 
the 
the 
the 
11. Describe A typical angiosperm flower and identify its parts, 
using appropriate scientific terminology. 
12. Describe the production of poll,n and ovules in angiosperms, 
and summarize the process of fertilization as it occu~ 1n 
such plants. 
13. Outline the adaptive significance of fruits and summarize 
the process by which they Are formed. 
200 
1.. Give the main structural features of typical monocot and 
~ seeds. 
15. Describe apical (primarv) meristems and lateral (secondary) 
meristess and their derivatives. 
16. Explain, compare, and contrast animal and plant development. 
17. Describe the functions of testosterone. follicle-stimulating 
hormone, and luteinizing hormone in humans. 
18. Trace the development of sperm cells and their passage 
through the male reproductive system, labeling on a diagram 
each male structure and giving ita function. 
19. Describe or label on a diagram each structure of the female 
reproductive system and give its function. . 
20. Ose a diagram to explain how the process of meiosis results 
in the formation of sperm with the haploid number of 
'chromosomes. 
21. - 22. Reserved. 
23. Trace the development and fate of the ovum. 
24. Describe the hormonal control of the menstrual ~ 
including an explanation of the various hormones involved 
(~ ~'estrogen, hYmAn chorionic gonadotropin (ReG), and 
progesterone) and identify the timing of important events 
such as oyulationand menstruation. 
~. Describe the 
epigenesis, and 
development. 
preformation theory and the theory of 
relate these theories to current concepts of 
26. Reserved. 
27. Describe the process of 
functions. Identify the 
which sexual intercourse 
pregnancy. 
fertilization and 
time of the menstrual 
is moat likely to 
list 
cycle 
result 
its 
at 
in 
28. Describe the mode of action and give the advantages and 
disadvantages of each of the following methods of 
contraception. the Pill, 100, spermicides, condom, 
diaphragm, rhythm, douche, withdrawal, and sterilization. 
29. Locate and describe the function of the following 
of a developing human embryo. umbilical~, 
~ ~, amnion, amniotic fly1g, and lanugo. 
structures 
placenta, 
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30. Describe the 
hWll4n beinq. 
at birth. 
general course of the later development of 
from one month after conception until the 
the 
time 
31. Li.t at leaat five 
environaent and also 
birth at the child. 
chanqes in the baby's 
body functions that occur 
immediate 
with the 
ONIT H. PLANT AND ANIMAL REPRODUCTION AND DEVELOPMENT 
VOCABULARY 
(In addition to the underlined terms in the learninq objectives.) 
abort (miscarry) 
aero.ome 
allantoiS 
anterior pituitary 
anther 
archenteron (qastrocoel) 
auxin 
blastodermic disc 
bulbourethral gland a 
call1biull 
cervix 
chorion 
contraceptive methods 
copulation 
corpus luteum 
cotyledons 
ectoderll 
elllbryoleqy 
endoderm 
endometrium 
endosperll 
e.pididymis 
fallopian tube 
fetal melllbranes 
fertilization cone 
fetus 
fi14llent 
follicle 
fuaion nucleus 
b:unith.t:rt(Z) 
gametoqenesis 
gametophyte 
generative nucleus 
implantation 
interstitial cells 
lIIegaqametophyte 
meqasporangium 
lIIegaspore 
lIIegaspore mother cell 
mesoderm 
microgametophyte 
microsporangia 
microspore 
microspore mother cell 
morula 
ooqeneaiS 
ovary 
oviduct 
parthenoqene.U 
penis 
piStil 
pituitary gland 
plumule 
polar body 
polar nuclei 
pollen grain 
pollen tube 
pollination 
primary oocyte 
primary spermatocyte 
pr imary tiaaue 
pronucleus 
proseate gland 
radicle 
scrotua 
secondary oocyt. 
secondary lperaatoeyte 
secondary tinue 
a .. en 
.e.inal ve.icle. 
.eminiteroul tubule. 
sOlUtic cells 
.permatid 
sper_teqenesis 
sper_togon!a 
sperm nucleus 
stamen 
stigma 
style 
suspensor 
testis 
triploid zygote 
tube nucleus 
urethra 
uterus 
vaqina 
vas dete rens 
vasectomy 
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BIOLOGY 110/110N 
UNIT I, EVOLUTION AND ADAPTATION 
Reading Assignments in Davis and Solomon: pages 4-25, 685-723. 
Reading Assignment in Eberhard: 107-114. 
LEARNING OBJECTIVES 
After you have studied the material of this unit, you will be 
able to: 
1. Discuss the history of evolutionary thought (with emphasis 
on Charles Darwin), listing the most important contributors 
(such as Jean Baptiste de Lamarck, A. R. Wallace, etc.) and 
summarizing their ideas. 
2. Explain how variation, competition, and subsequent 
selection are relevant to Darwin's theory of evolution. 
3. Define organic evolution in genetic terms and distinguish 
between microevolution and macroevolution. 
4. Define the terms population, ~ 2Q21, 
reproduction, species, and reproductive 
explain how a given species could evolve into 
differential 
isolation and 
two species. 
5. Explain why evolution is a phenomenon related to populations 
rather than to an individual. 
6. State the Hardy-Weinberg ~ and the conditions under which 
it applies and discuss its significance and consequences in 
terms of population genetics and evolution. 
7. 
8. 
Determine the frequencies of 
from a population assumed 
equilibrium. 
the two alleles in a sample 
to be in Hardy-Weinberg 
Given the allelic frequencies of a population 
in Hardy-weinberg equilibrium, calculate 
frequencies of the genotypes involved. 
assumed to be 
the expected 
9. Explain why variations among individuals of the same species 
may result from differences in environment and differences 
in genetic make-up. 
10. Summarize the 'modern" concept of evolution (neo-Darwinism), 
discuss its mechanisms (mutation, genetiC recombination, 
genetic drift, natural selection, reproductive isolation, 
etc.) and the adaptive results, and cite specific examples 
and illustrative experiments. 
11. List at least four isolating mechanisms that enable closely 
related species to remain separate. 
12. Write a short explanation of the terms divergent 
adAptive radiation, convergent evolution, 
eV91ution, primitive organism, advanced organism. 
evolytion, 
parallel 
VOCABULARY 
(In addition to the underlined terms given above.) 
abiogenesis 
allopatric speciation 
analogous . 
behavioral isolation 
biogeography 
carnivore 
embryonic lethality 
emigration 
end .. mic species 
endosymbiotic theory 
environmental variation 
extinction 
fossil 
gene exchange 
geographic isolation 
habitat 
habitat isolation 
herbivore 
homologous 
hominids 
hybrid sterility 
immigration' 
inheritance 
interbreeding 
inviable 
mechanical reproductive isolation 
migration 
mimicry 
panmictic 
prezygotic isolating mechanisms 
post zygotic isolating mechanisms 
races 
seasonal isolation 
selective breeding 
speciation 
stabilizing selection 
structural parallelis~ 
survival of the fittest 
sympatric speCiation 
vestigal structures 
viable 
b: uniti. txt (2) 
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APPENDIX E 
BIOLOGY 110, LABORATORY EXERCISE LIST 
204 
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List of Laboratory Exercises for Biology 110 in Eberhard 
Unit A - Microscopy and Levels of Organization, p. 13-18 
Live amoeba demo, lab bench 
Amoeba film loop, lab bench 
Live slime mold demo, lab bench 
How to use the stereomicroscope, p. 13-14 
Viewing a prepared slide, p. 16 
Computing magnification, p. 16-17 
Measuring objects, p. 17 
Preparing a wet mount, p. 17-18 
Studying biological organisms, p. 18 
Unit B - Cellular Organization and Function, p. 19-31 
Onion epidermis, p. 20-21, 25 
Human cheek cellS, p. 21 
Animal cell mitosis, p. 21-23 
Plant cell mitosis, p. 23-26 
Diffusion of a liquid in a liquid, p. 28 
Diffusion in a solid, demo, p. 28-29, 31 
Osmosis in a model cell, demo, p. 29, 31 
Osmosis in a living cell, p. 29-30 
Unit C - Composition of Living Matter, p. 1-11 
Benedict's test, p. 2-3, 9 
Iodine test, p. 3, 9 
Sudan III test, p. 3-4, 9 
Biuret test, p. 4, 9 
Testing unknowns, p. 4, 10 
Amino acid chromatography, demo, p. 4-7, 11 
Onit 0 - Chemical Processes of Life I (DNA, RNA, & Protein Syn.), 
p. 43-52, 115-122 
Kinetics of the peroxidase reaction, p. 44-47, 49-52 
DNA in giant chromosomes, demo, p. 117 
Regulation of the lactose operon, p. 117-119, 121-122 
Unit E - Chemical Processes of Life II (Photosynthesis), p. 53-66 
Photosynthetic pigments: chromatography, p. 53-55, 61 
Photosynthetic pigments: absorption spectrum, p. 55-56, 62 
Photosynthesis in elodea, p. 56-57, 63 
The Hill reaction, p. 57-58, 64-66 
Carbon fixation, p. 58 
Unit F - Chemical Processes of Life III (Respiration), p. 67-74 
Fermentation in yeast, p. 68, 73 
Respiration in plants and animals, p. 68-69, 74 
The electron transport chain, p. 70, 74 
Unit G - Genetics, p. 75-83. 85-95 
Mitosis in yeast. p. 76 
Mechanics of mitosis and meiosis. p. 76-78. 81-83 
Meiosis in an animal cell. demo. p. 78-80 
Sperm cells of bull. demo. p. 80 
Morphology, nemo. p. 86-89 
The genetics experiment. Jemo. p. 89-90 
Analysing the crosses. p. 90. 93-95 
Unit H - Reproduction and Development. p. 215-226. 275-283 
Flowers. p. 216, 223-224 
Pollen, p. 217 
Ovulary, p. 217-218. 224 
Fruit, p. 218-219. 225 
Seeds. p. 219 
Germination, p. 220 
Asexual reproduction. p. 220-221. 226 
Female reproductive system, p. 277-278 
Male reproductive system, p. 278-279 
Human reproduction, conception. p. 280 
Humen reproduction: contraception. p. 280-283 
Unit I - Evolution and Adaptation. p. 107-113 
Taste test, p. 108. 111 
Natural selection. p. 108-110. 112 
Negative eugenics. p. 110, 113 
Unit J - Ecology, two laboratory handouts 
Oidinium and Paramecium predator-prey demo. handout 
Energetics of an aquatic ecosystem. handout 
.&& 
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APPENDIX F 
HANDOUT ENTITLED "HOW TO INTERPRET YOUR SCORE 
ON THE LEARNING STYLE PROFILE" 
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q 
InstructlClns: 
,,(~,; iO JNTE;;.f~ET yuUR SC(lf;.E 
eN iME I.CH~IN6 sr,-bE Ffi:uFiLE 
Narllfl l.'''I~U1S: CO-luthor, Lurnlng Style Fro;rl~ 
PretE-sser, Eauc1tron .. i Theory ana Fractr(1!' 
vlrtetor) Br,in StAivlor LADoritory 
In (aooPtatlon with 
Russe I' Ska"'i" i I: Professor l Hoi teu I.,. Gent tiCS 
Vlrector, Gtntr!l Biology Pr09rim 
Claudli Melear: Griduate ResearCh A$SOCllt. 
General Biology Pro9ram 
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Th, InTor-mition btlow will Atla YOU unoersUne tnt munlnQ of your temouttr prIntout from tnt Learnlno 
Style Proti It (LSP) that rou tool( earlIer thIS QUirttr. Tn; LSP provlon introauctory Ie-vel rntormatlon· 
.. oout 23 Calloont'nts (cilleo subsea-ItS) of Your learnIng style. It;$ aUIQnea to hela YOU unotrsh.nd your 
inrning style strengths tOO Dreterenc~s ina to sU9gest irus in which you miY WISh to Imorove your stuOY 
lnd Ifirnln9 In Biology. 
We sug9t'St thit you look CirffUII,. it the scores ior subscllu thlt ire It the ~xtreme right or left of 
your LSP Shft't; however, YOU should not Interpret n19" or low scores as 'good" or "bid". lnsteld. we would 
sU99tst thlt you tilKt tllrtt to uSt tht LSP profi It If);ormltion to think aCout tht way YOU 90 about stuoYlng 
.nd lurnlng In thIS Courst. )"ou may igt'te or diu.pret wi th sOntt oi the LSP ruul ts. The gail IS to heiD 
YOU 9ft a btthr "hlndle on" tht ""arls you IUrn <lnd study but ind to 9"t SOITIt suggnttd irus tor 
ImDrOYfmfnt. 
-COil'llTlVE SKIll.S, GENERAL APPRMCH TO PROCESSING INFOIH\T!(}I--
1. AnalytiC SKill 
A scorf on the strong sloe Of tht profi It su{'{''!'Sts yoo have i strength In inilytic thinJ(fng. A strong 
score indicates YOU have Skill in IOQlcally breaklno oown comolex information into Its eS;(lnttal 
suocCllloonents. You· Cin su tht ml.jor oOj-nts .. nd the suo~olnh unCfr tntm. YOU Cin DIC;'; out Key IOUS And 
not bf &lsil)' influEoned by other less Imoortant or Irreltuint Oftiiis In rUdlng i Chaottr or listening to a 
ltcture. Other thin~ Delng toual, you usuilly can toke 900d note!; front readIng the Siology course teoxt or 
tran Dr. Skavril's taped lectures. A score In the weak sectIon sUQgests that It may be difficult tor YOU to 
bruK down Information Into subparts Without mlsSl1'l9 ImporUnt pOints or 9t'ttin9 i PIt confuseo. 
2. Spatial SKill 
Ttl" ~Datlal sK,ll if'U issesst'~ the ~, ... !::!~ Of tour slilll In mentally IIlsual,2,no and manloulatlnQ tasks 
whICh hauf two or tnrt'e dimensional forms •. A scar! on tM stronQ StOt of the LoS? suggests that you can 
f'atht'r euily minioe to mOlle or enanae these fOrms In your mUle and Keto triCK Of. them. You can mentally 
St'e hOW tht' forms ~r Darts of tne:n In·ttrrelatt. Students sometImes oescrloe tnlS SKill as 'watcnlnt;! Silent 
mO"'I~£' ,nSlde your nuC. Getting Information ,ran olagrims or grapns In your olology textoooK may also tao 
Your soit,-al skill. 'Seeing' Dathrns In tao;~s Of data or correlations IS aloeO by soatla; Skill. It may 
also be heloful to 'Sl't" ',(11' Image.' a. weD 0+ IOtaS fran! Isteolng to a lecture or rHOlnQ .. coapter. 
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ThE- dIscrImInatIon ~j(ill irti.Muu,..f'~ your skill HI ;0(U$109 on the ImporUnt &SDfCts o~ i tasK ano not 
being dlstractto or Irrelevant or unlmDOrtant Intormatlon. I-! strono score suooests tnat YOU can conCE'ntr.lte 
and fOCUi your attentIon well IIJrten reouu'td to 00 so, IOU may Of!" aole teo ~~tntt ea.sll\' 'Hro In' on keoy 
IntOrmatlorl and not get 'sloetracud" by unllfloortant aetalls. As a rule, YOU mi)' De aole to Stlcl.:. to a taSI 
inD stlUt out d,stractions .ltoouM CHUH, E.<nvlronmenUI ;iCtors /f.ay Of! eSOHlally nei~';ul or ootnerst1ne 
(See tfle last 5 soDsc.ifS on the LSP). 
4. Catf.oOrlllnO Skill 
If Your scorE' In thi!! catE'9or12io9 aru IS on tne strong SlOt It su99ests that yOU nave skIll It I
claSSIfYIng DOHets or IOfU ti&xtbly Into USeful and reiSDn.olt grouos. C ... tE'Qorlzlng 511111 IS E';(trE'mel)' 
usetul In organizing nfW biology IfltorlTtitlOfl ,rom rE'idlfl9, tapes and from your rHitationf a$ YOU put It 
Into your memorY. 'IOU can consclous1y mtntally ·tit" thE' new Intormatlorl unoer rt-lat!o tOPICS YOU navt 
learned earllerj or YOU may need to crutE' a new category ,or In1ormatlon. CatE'90rlllrt9 ,t;[11 [' a grl?it 
aId to memory. CategorizIng mtntilly 15 a loglca1 prOCtiS very much lIKe u;;lng written notes In outilne 
torrri. 
5. Sequential Processing 
A strong score on thiS sUbsca]f indicatu yOU are SKilled at processing and ttllnr.lflg about intormatlon In 
a step-by-step, linear and ttmporal orOtr. Thinking stquentially IS taSY to oescribe In a step by step 
manner. Usually, piannlng: ind org:anlZing: is aiotd by thinKing stquentlal]y. On toe ototr hand, on€- cannot 
taSi)y dtal with all tne shps mtotally at one moment. One must thinK about them in oraer. Many StuDents 
(though not all) typically proctss vfrbal tasks and arithmttical calculation tasKs seouentlally wnile 
~oatial tasks are often processed as a Whole, slmultanfPus\y, 
~. Memory SKill 
The j tems on tne memory portion Of the LSP requirt'd YOU to hold the detai Is ot tfle' "':IQurt fran to€-
prevIous paQe briefly in your memory. A score on the stronQ Sid€- 0"': the LSP for th,s suoscale Indicates 
strenQth in short term memory tor spatLal informatIon and ~ttention to detail. EHHtive memory ~.traugle~ 
are vtry crUCial to effectlvt learning In any course. To assess Your RlemOry sr.ill completely IS verY complex 
and would reQUire measuring both short and lon9 term memory, encodln9, storing and rHrrt'val procegset, and 
asst'ssmen t of several memory strattol es. Erecause these i terns assessed on I y shor t ttrm memory, I t may bE' 
ust>t"ul "':or YOU to reflect on h('j,l! ;ou scaMed the inTormat,ore in the diagrams to pier. up ano hold tttE· 
InTormatlon ,n 10ur memory. 
---PERCEPTUAL RESPONSES---
7-9. Perceptual Rtsponses: Uisual. Auditory. Emotive 
The I tem~ on tn I S suosca I e I\If're oesi gned to assesss your tenciencY to respond I nit I ill j~. to 2(1 words as YOU 
read trrem 0:< mentally seeing a plctur€- Ill. Visual resDonse): D~ mefltally hearing tO€' \lloro ~an auol~ory 
reSoons(>Jj or Oy Hnslng an t>lIIotiore ,an emotlvt> response/. A Str'oog LSF' protile ~cort on the strong sloe Ot 
tM protl if "':or on€- 0-:- tne tnree perceptual rt'soonSH suoot'sts .. tenoency tor YOU to reSDona to woros as you 
r€-ad tnfll, In tnat manner. it may Ot that YOU tend to cooe worOli In your· mln(j IfIl tlai!)" a£ }'OU r-.:ael tnem In 
tn~ [":?f'ctDtual modality With tnt' strong~st scor€-. ll.E'e~ in minD tnat. tor tfleSe Items. Your ~x~~rlenCf ~ja~ 
r-~aoln9 w':'r·a~. \Ol! II'I~)' "'~H'orlo to otnH tYt'€-$ 0"': eXtlHl(onCt~ WItT! c ditter(on~ ['€'r'c~['tua! m(ooailt~ !tr~r!9trl. 
ir; .. CIa I tlon tc> ttllnKlng: aoout now YOU r'(·soono oerc~owal)y tc> various fxt>erlences. YOU me,Y WiSt< tc, conSloer 
wtl"trl'i'r ye,\.! H-:! YOU 1 €o2J'T! more 1',,<'.011 v wMr! 1010r1l'10I,t lor! IS, prest-Into HI .:or • .: '':it- ~rlotnH ~~rlsor') ITlooai I U f~. 
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---ORIBlTATI~ IH) PREFERENCES--
10. Prrsi5t.nct Oritnt~tiOh 
H.(- hl9hfr tnt scorf on thi~ sUbsealr thE' grutrr IS Your trnde-ncy to 'stlcl, to a task' ana Qtt It aone 
In tne taCt Ot some OIT;JcultYj tnt low.r tne scorf, .tne Itss IS Your trnaency to StICt'. to a Olttlcuit taSK. 
11. V,rbil RisK Ori.ntftiOQ 
H score on the tllgn sloe o~ thE LSP protilt 10r ItPms HI tnlt sUbsc.le SU99e5h that YOU irE' willing to 
talk. "Hltt. aSK quntions or txprrss your opinions In class eyen if YOU tf!'el others ma} cisigree With YOU. 
12. Manlpulatiuf Prtftrtncr 
ThE- Illghrr score on thiS sUbse.le, the tllgtr.r your prtftrence 101' tlinos-on, direct manipulation ot' actual, 
materrals In learning actlYltltS. 
13-16. Study Tim. Pr,frrtnct: carly Horning. Lat, Horning, Aft.rnoon. or cVfnino 
Itfms on thi'S subscah arf de'Slgnfd to usus your prfterfnCf for a particular tlmf of day for studYing 
or Instruction. A high prftfrfnce tor one time of diY and l low preferenCf tor i diTtertnt time of day lilly 
Indicate the tim. of oay YOU are most energ.tic and alert. That tIme of day miY bt your best time for 
concentrated studY and Instruction. 
17. Verbal-Spatial Prf+~r.nc. 
HelflS on this sUDsc.le indiCitn your tendency to or~.h\nIZf Intorlrlation by the taSK's soatia.1 or vertal 
features. 'Iertlal task Information IS characterized by woros and language teuures. Spatul aspects of a 
task art characteriIed by vlsua.l, pictorial or grapnlc dimenSions. 
18. Groupino Preference 
If your score falls on the rlgot side oi the oroiile, YOll snow Drtference for learning In "whole classs 
Sl tuatlon~ while" score In the mladle sU99tsts your pre-terence ot SlllOY In smaller grouDs, ano a score on 
tnt 1 eit SI de oi tne prot i lei ndl ea tes rou may wish to study and I earn a lone or w' ttl onf othfr person, 
22. Liohting PrfferenCf 
Tne score on tnii subseale Indicates your pref'E'refict ;01' studYing or lurning In a origntly 1 ightt'd area 
or In a dimly 1 ignttd enviroment. 
2u. Mobility Pteferenct 
This LSf' suoscale assesses Your preferene,e for movIng aoout or remainIng Quiet wni Ie YOU are worKing and 
studYIng. 
J9, Posture Preter~nce 
Thf Item!: on thl~ suoicalE' InOlo.tE' your pr~tereflc~ ;or !"rlTl,d HUOY ~'osltlon '.£1ttlrt9 OD In a ctlaH- or 
oesKI or· for Intorma.j, cHua1 Dosltlons wnli~ StUOYlog. 
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Tt,E' Itl'rn~ or. ttH~ suoscal~ a~sl'SS I'IOW 1'1191'1 your preH'rE'I'ICl' IS 101' iI OUIl't or ... r,OIS} ~nl,'lronlllE'nt Ir, WOICI'. 
to stuc)' or lurn. Typ~s of oackQrounc nOISE' In iL lurnlnr or study E'nvrlronmen~ m.y InCluae mU51-::. ~'OtCl'~" 
or E'n'..'1ronll,flH.I £,ounOt. 
k I'Ilgrl scort on ttleSE' sul:tsc.lt Items InOlcatE'S YOU" preterence tor eltnE'r a warme!' ('(Ivlronment to stuoy 
or a preterence for a cooi ... r stucy or instructional envlronm~nt. 
Z2£ 
APPENDIX G 
INSTRUCTIONS FOR ADMINISTRATION OF 
THE LEARNING STYLE INSTRUMENTS 
FROM CLASS AGENDA 
212 
a. 
b. 
c. 
d. 
BIo-c!-n AGENDA 
Thu~s/Fri Week 1 (Unit A) 
1/7/88 or 1/8/88 
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Check schedule cares and ID and mark vour class roster 
with a "Po for t~udentS-who arrived today. 
Give all ~ arrivals the 1 handouts from the first 
class (syllabus. "Facilities. Policies and Procedures" 
and List of Laboratory Exercises) • These should be 
read thoroughly today. --And BLC work should be 
started todav. 
Have all ne' .. ! arrivals fill out white class cards. 
Follow same procedure as last class.) We 
have a whi~e card for everyone. 
Remind people who are ·sitting inft to 
anytime Friday. (Jan. 8) or Monday (Jan. 
they have permission to add and at what 
section change). 
call 2-9761 
11) to see if 
time (or get 
2. Pass around n2_page ft attendance sheet. Give same 
instructions as on 1st day. Make sure late arrivals get on 
the attendance sheet. 
3. Remind everyone not .t2. miss the "Orieat:ati.an..Qn .!!.ow to'Sign-
on the Computer and Take Tests" next T~/Wed C~. 12/13). 
If they have to miss your class they Should attend another 
class the same dai'. (Anyone who misses Tues/Wed had better 
have a good e~cuse. We have no interest in giving 1:1 
orientations to p~ople who are too lazy to get to classll) 
T/R and 110N students will be able to test for the first 
time on Tuesday. (January 12); W/F students on Wednesday 
(January 13). If you know the material. it will not take 
long to complete a test. 
4. Administer the Learning Style Profile. 
Distribute to each student a LSP booklet, pencil and 
answer sheet. The LSP answer sheets are titled "NASSP 
Learning Style Profile." Have the students fill out the 
requested information on the answer sheet according to the 
directions you have been given. Tell your students their 
class area number. (It is listed on the left side of your 
sheet titled the "Class and Sign-on t Information.") Allow 
the students the entire class period to complete the 
inventory. 
While the students are taking 
be a great time for you. also. to 
haven't already done so. All the 
be scored at the end of the week; 
be completed this week. 
AG2WIB8 
the inventory, it would 
take the inventory if you 
exams will be sent off to 
therefore. all tests must 
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At ~he end of the class pe~iod, collec~ LSP booklet~, 
pencils and answer sheets~ Pass O~: t~ each student t~e 
Myers-Briggs Type Inventory and a~ ~nawer sheet titled 
"'General PUft'ose -NC;S- Answer Shee::.!1 At the next class 
period. the student must return t~a ~i:TI and the comeleted 
answer sheet. Follow the directions a3 to who gets the LSP 
booklets and pencils. but deliver tee completed anSwer 
~he~ts and all extra MBTI materia13 to Mary Finnen 
lmmediately after recitation. 
Announce to the students that the results of the LSP 
and MBTI will be gi'en in class. but an explanation of the 
results will be given on February 16 and 17 at five 
different times. r,e times and locations of these sessions 
will be announced at a later date. 
INSTRUCTORS : 
1. The Testing Center will be unavailable for use Friday. 
January 8. from 1-4 p.m. 
2. Reminder: With the Units Dialing SJ'stem the Non-Emergency 
Police Number is: 
For Emergency assistance: 
2-2121 
911 
3. After class. PLEASE return extra handouts to the bookshelf 
in RH 52 or to RH 60. 
4. Recitation instructors: Remember, T/R and lION recitation 
instructors will meet at 2:30 p.m. in RH 52 today to decide 
who gets in to what class. W/F recitation instructors will 
meet with Mary Finnen in RH 60E on Jan. 8 after your 
recitation. Please: 
II bring white class cards in alphabetical order 
2l bring class rosters and attendance sheets (both blue 
and yellowl 
3) make sure you have a white class card for EVERY 
signature that appears on either attendance sheet. 
on either day 
4) bring Class and Sign~On , Information Sheet 
5. There is a key available in RH 060 for your use in opening 
the modules in the morning. See Cathy. Maureen. or Barbara. 
6. 
7. 
The computers in RH 38 & 
may use them to look up 
read your student mail. 
unlock rooms 38 and 40. 
RH 52. you may pick up a 
40 are available for your use. You 
your students' performance records, 
and etc. Your key to RH 52 should 
If you haven't picked up a key for 
key from Cathy Creager in RB 60. 
Any 
not, 
further schedule changes for teaching assignments? If 
a master schedule will be typed and posted. Check the 
AG2WI88 
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8. Resist the t2=;~ation :0 dismiss class ea:ly. Dismissing 
class early, !ihether it be 10 minutes or 5 minutes or )0 
minutes, only reinforces to :he s:~den:s that they do not 
have to be ~~=epared for class disc~ssion. When their 
questions run OU~, you ask them auestions. Althouoh it is 
di~ficult at :imes ~o remain enthusiastic andlor fill the 
time, but r.eeo in mind that those students attencing 
recitation deserve your best and full attention. Even if it 
is only one student who is there to learn, that one student 
does not deser':e to be slighted. You are all good 
instructors, so you can ~eet this challenge. 
9. Reminder: Testing Center opens Tuesday, Jan. 12 at 8:30 a.m. 
10. You should ma~:e a general statement reminding students 
learning disabilities to identify themselves to you. We 
means of acc~modating such a student. Once a student 
indicated a problem, send the student to Hary Finnen 
060E) . 
with 
have 
has 
(R.'I 
11. Three reminders nbout testing procedure: 
12. 
13. 
a. Students should be encouraged to comp~e a test if they 
start one, but if they must leave for· anc~er class or 
appointment, use "Option A" (restart at next question). 
"Option B" should not be used. If a student tries to 
get you to cancel a test because too many questions have 
been missed, tell the student "you cannot do it" and 
that they are committed to that test and that try. 
b. Do not "look up' questions for students who come to you 
with auestion IDs. Use the ID information to find out 
unit and objective, and then discuss the objective with 
the student. If the student wants to describe the 
question to you, that's OK, but no instructor should be 
showing questions off the screen or printing questions 
for students. 
c. Remember to fill out the green problem sheets completely 
and place them in Mary Finnen's folder in RH 52. 
REMEMBER 
YOURSELF 
Center) , 
TO 
IN 
AND 
AUTOMATICALLY LOCK THE DOOR AFTER YOU HAVE LET 
THE ROOM. DOORS TO R.'I 38, 40, 52 (Testing 
34 (TA Lounge) SHOULD ALWAYS BE LOCKED. 
The following people need to turn in the green 
information shee:: Artigas, Burns, Ishikawa, Kim, 
Lee, Ann Mar~in, Palmieri, Park, Rojas, True, walker, 
Wu, and Yee. 
phone 
Lazo, 
Wang, 
I 
--1. 
APPENDIX H 
ADMISSIONS VARIABLES COLLECTED 
BUT NOT USED FOR THE STUDY 
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Name 
ACTCOM 
ACTENG 
ACTM 
ACTNS 
ACTPGPA 
ACTSOS 
Colg 
Day 
GPA 
Major 
Mo 
Name 
Race 
SATM 
SATR 
SATT 
SATV 
Yr 
;!'ABLE 43 
ADMISSIONS VARIABLES COLLECTED 
BUT NOT USED IN THE STUDY 
--- .. --~ 
Description I 1 
I LSP 
composite score on ACT I 
English score on ACT I 
Math score on ACT I 
Natural science score on ACT I 
Predicted GPA on ACT I 
Social science score on ACT I 
College I 
Birthday day of subject I X 
Grade point average during quarter taking I 
Biology 110 I 
Subject's college major I 
Birthday month of subject I X 
Subject's name I 
Subject's race I 
SAT math score I 
SAT reading score I 
SAT TSWE score I 
SAT verbal score I 
Birth year of subject I X 
Database 
2 
MBTIiCMI 
X 
3 
Admissions 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
N 
..... 
-~J 
APPENDIX I 
BASIC PROGRAM LISTING FOR SCORING MBTI; 
NCS ANSWER SHEET AND MBTI REPORT 
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10 REM ***************************************************** 20 REM Program Name: Mes 
30 REM 
40 REM 
SO REM Program to Score The Hyers-Briggs Type Indicator. 
60 REH Language: BASIC 
70 REM (GWBAS I C/NCR BASI CAl'I BM) 
80 REM Written by: Russe'l V. Skavaril 
90 REM 
100 REM 
110 REM 
120 REM 
130 REM 
and 
Claudia T. Melear 
General Biology, The Ohio State University 
Columbus, Ohio December, 1988. 
140 REM ********~******************************************** 150 REM 
160 REM 
170 REM 
180 DIM R(126), PAT$<B) 
190 CLS 
200 PRINT 
210 PRINT 
220 PRINT 
230 INPUT 
240 CLS 
250 PRINT 
260 PRINT 
270 PRINT 
280 INPUT 
290 CLS 
300 PRINT 
310 PRINT 
320 PRINT 
330 INPUT 
340 CLS 
-Input qu~rter and year, for eXample:-
CHR*(34)+-AUTUHN QUARTER 1988-+CHR$(34) 
-Note -- data enclosed in quotation marks.-
-Data M ; QY$ 
-Input name of student, for example:-
CHRS(34)+MRogers, Sally A.-+CHRS(34) 
-Note -- data enclosed in quot_ticn marks.-
-Data M; ~E$ 
-Input sex of student.-
-Enter 1 if student is a 
MEnter 2 if stUdent is a 
-[).ata-; SEX 
mal e.-
female •• 
350 PRINT -Input Soci~1 Security Number, with dashes, for .x~pl.l. 
360 PRINT CHR$(34).-123-45-6789-+CHR$(34) 
370 PRINT ·~nd Also enclosed 1n quotation ~rks •• 
380 INPUT • D.a. ta·; SSNs 
390 CLS 
400 PRINT 
410 PRINT 
420 PRINT 
430 PRINT 
440 INPUT 
450 CLS 
-Input section identification data,-
-For exounple: 
CHR$(34)+-W/F, 11100a.m" Rm. 124RH, Hr. 
·~ith data enclosed in quotation marks,-
aSEeS 
460 PRINT -Enter responses to items as called for by program,-
470 PRINT -Responses are NOT enclosed in quotation ~rks.-
480 FOR I~I TO 126 
490 PRINT I; 
500 INPUT R(I) 
510 PRINT 
520 NEXT I 
S30 SEXes=-
540 IF SEX-l TH&I SEXc....tiALE 
550 IF SEX-2 THEN SEXc.--FEMALE-
560 REM Allow data editing, 
570 CLS: PRINT -ITEM NUMBER/RESPONSE-
580 FOR 1=1 TO 20 
590 PRINT USING -MMMM-; I;:NEXT I: PRINT 
600 FOR I-I TO 20 
610 PRINT USING -MMMM-; R(I); 
620 NEXT I 
630 PRINT 
~ ... n PO'''IT 
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650 FOR 1=21 TO 40 
660 PRINT USING ·H~H*·· 1;: NEXT 1: PRINT 
670 FOR 1=21 TO 40 I 
680 PRINT USING " .. *H."; R(I); 
690 NEXT I 
700 PRINT 
710 PRINT 
720 FOR 1=41 TO 60 
730 PRINT USING "NHN."; I;: NEXT II PRINT 
740 FOR 1=41 TO 60 
750 PRINT USING ""MMN", R(I); 
760 NEXT I 
77~ PRINT 
780 PRINT 
790 FOR 1=61 TO 80 
BOO PRINT USING "MMMM" , I;: NEXT J: PRINT 
810 FOR I~61 TO 80 
820 PRINT USING • MI ... • i R< I) i 
830 NEXT I 
840 PRINT 
850 PRINT 
860 INPUT ·Are data O.K.? (1 _) ye~, 2 =) no)"; RESP 
870 IF RESP<>I THEN RESP=2 
880 IF RESP=t THEN GCTO 930 
890 INPUT "ITEM NUMBER of response to be corrected"; I 
900 I=INT(I); IF 1<1 OR 1>80 THEN GOTa 890 
910 INPUT ·Correct RESPONSE"; R(I) 
920 GOTO 570 
930 CLSr PRINT "ITEM NUMBER/RESPONSE" 
940 FOR 1=81 TO 100 
950 PRINT USING ·"NMN"; 1;1 NEXT IJ PRINT 
960 FOR 1=81 TO 100 
970 PRINT USING ·MNII-; R(I); 
980 NEXT I 
990 PRINT 
1000 PRINT 
1010 FOR I-tOI TO 1·20 
1020 PRINT USING -_111-, I;z NEXT I: PRINT 
1030 FOR 1=101 TO 120 
1040 PRINT USING -IIIH-; R(I); 
1050 NEXT I 
1060 PRINT 
1070 PRINT 
1080 FOR 1=121 TO 126 
1090 PRINT USING -HHHH-; I,r NEXT I; PRINT 
1100 FOR '-121 TO 126 
1110 PRINT USING -HIHH-; R(I); 
1120 NEXT I 
1130 PRINT 
1140 PRINT 
1150 INPUT -Ar. dat~ O.K. <I =) ~e5; 2=> no)-; RESP 
1160 IF RESP<>2 THEN RESP-l 
1170 IF RESP-l THEN GOTO 1230 
1180 INPUT -ITEM NUMBER of response to be corrected-; 
1190 I-INT( 1> 
1200 IF 1<81 OR 1)126 THEN GOTO 1180 
1210 INPUT -Correct RESPONSe-; R<I) 
1 220 GOTO 930 
1230 E=O 
1240 REM FOR THE E SCORE 
1250 IF R(3)=1 THEN E=E+2 
1260 IF R(7)=1 THEN e-E+l 
1270 IF R(10)=1 THEN E=E+2 
1280 IF R(13)-2 THEN E-E+2 
1290 IF R(16)=2 THEN E=E+2 
I~nn ,~ R(19)., T~~ ~_~+? 
220 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
J 420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
ISBO 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
IF R(23)=! THEN E=E+l 
IF R(26)=1 THEN E=E+1 
IF R(31)=! THEN E=E+l 
IF R(37)=2 THEN E=E+2 
IF R(40)=2 THEN E=E+l 
IF R(66)=! THEN E=E+l 
IF R(68)=1 THEN EeE+! 
IF R(72)~1 THEN £=E+l 
IF R(75)=2 THEN e=E+2 
IF R(79)=1 THEN E=E+l 
IF R(81)=2 THEN E=E+l 
IF R(86)=! THEN E=£+1 
IF R(90)=1 THEN E=E+1 
REM FOR THE I SCORE 
I~O 
IF R(3)=2 THEN 1=[+2 
IF R(7)=2 TH~ 1=1+2 
IF R(IO)=2 THEN 1=1+2 
IF R(t3)=! THEN 1=1+1 
IF R(to)-! THEN 1=1+1 
IF R(19)=2 THEN 1=[+2 
IF R(23)=2 THEN I=J+1 
IF R(31)=2 THEN I = 1+2 
IF R(37)=1 THEN 1=1+1 
IF R(40)=1 THEN J=I+I 
IF R(S5)-2 THEN 1=1+1 
IF R(66)-2 THEN 1=1+1 
IF R(72)~2 THEN I=I+! 
IF R(7~)=1 THEN 1=1+1 
IF R(77)=2 THEN 1=1+2 
IF R(79)=2 THEN 1=1+2 
IF R(81 )=3 THEN 1=1+2 
IF R(86)-2 THEN 1-1+1 
IF R(90)-2 THEN 1=1+2 
REM FOR THE N SCORE. 
N =0 
IF R(2)=2 THEN N-N+2 
IF RCS>-l THEN N=N+2 
IF R(9)=2 THEN N-N+2 
IF R<ll)=2 THEN N=N+2 
IF R(t8)=1 THEN N=N+l 
IF RC2S)-2 THEN N=N+l 
IF R(29)=2 THEN N-N+l 
JF R(33)=2 THEN N-N+l 
IF R(42)-1 THEN N-N+2 
IF R(44)-2 THEN ~+I 
IF R(~8)=2 THEN N-N+2 
IF R(61)=2 THEN ~+l 
IF R(63)=2 THEN N-N+2 
IF R(65)=1 THEN N=N+2 
IF R(71)-2 THEN N-N+l 
IF R(83)=1 THEN N-N+2 
REM FOR S SCORE. 
"'0 
IF R(2)=1 THEN 5-S+2 
IF RCS)=2 THEN 8-S+1 
IF R(9)-1 THEN 5=5+2 
IF R(ll)-! THEN 5=5+1 
IF R(18)=2 THEN ~S+2 
IF R<22>=2 THEN 8=5+1 
IF RC2S)=1 THEN 8=5+1 
IF R(29)-1 THEN 8=5+2 
IF R(33)=1 THEN 8=5+2 
IF R(42)=2 THEN 8=$+1 
IF R(44)=1 THEN 8=5+1 
221 
-i 
IF R(48)=1 THEN 
IF R(SO)=l THEN 
IF R(S2)=t THEN 
IF R(5B)=1 THEN 
IF R(61)=1 THEN 
IF R(67)=1 THEN 
IF R(69)=1 THEN 
IF R(7t)=1 THEN 
IF R(SO)-2 THEN 
IF R(83)=2 THEN 
IF R(8!i)=2 THEN 
IF R(91)=1 THEN 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 REM FOR J SCORE 
2100 J =- a 
5=5+2 
5=5+2 
5=5+1 
5=5+1 
5=5+2 
5=5+1 
5=5+1 
s=s+ 1 
5=5+1 
5=5+1 
&=5+1 
$=5+2 
2110 II=' R(1)=1 THEN J=J+2 
2120 IF R(4)=1 THEN J=J+Z 
2130 IF R(8)~2 THEN J=J+l 
2140 IF R(12)=1 THEN J=J+2 
2150 IF R(14)=1 THEN J=J+l 
2160 IF R(17)=3 OR R<17>=5 OR R(17)=6 OR R<t7)=? THEN J=J+l 
2170 IF R<20>=1 THEN J=J+l 
2180 JF R(24)-1 THEN J=J+l 
2190 IF R(27)=1 THEN J=J+2 
2200 IF R(35)=1 THEN J=J+2 
2210 IF R(39)=1 THEN J=J+2 
2220 IF R(53)=2 THEN J=J+l 
2230 IF R<S7)=! THEN J=J+l 
2240 IF R(59)=2 THEN J=J+l 
2250 IF R(62)=1 THEN J=J+2 
2260 IF R(74)=2 THEN J=J+l 
2270 IF R(78)=2 THEN J=J+l 
2280 IF R(82)=2 THEN J=J+l 
2290 IF R(S4>=1 THEN J=J+2 
2300 IF R(95)-1 THEN J-J+l 
2310 REM FOR P SCORE 
2320 p:..o 
2330 IF R(1)=2 THEN PWP+2 
2340 IF R(4)-2 THEN P=P+l 
2350 IF R(B>=! THEN PzP+l 
2360 IF R(12)=2 THEN P=P+2 
2370 IF R(14)=2 OR R(14)=3 THEN paP+1 
2380 IF R(t7)-t OR R(17)=4 OR R(17)=6 THEN P-P+l 
2390 IF R(20)c2 THEN P.P+2 
2400 IF R(24)-2 THEN P=P+l 
2410 IF R(27)-2 THEN P.P+2 
2420 IF R(3~)=2 THEN P.P+2 
2430 IF R(39)-2 THEN P.P+2 
2440 IF R(53)=1 THEN P=P+2 
24~O IF R(~7)~2 THEN pmP+1 
2460 IF R(62)=2 THEN P=P+l 
2470 IF R(64)-1 THEN P.P+l 
2480 IF R(74)=1 THEN P.P+l 
2490 IF R(76)-2 THEN P=P+2 
2500 IF R(78)-1 THEN P.P+l 
2~10 IF R(82)-1 THEN P.P+l 
2~20 IF R(84)-2 THEN P.P+l 
2530 IF R(8S)-2 THEN P.P+l 
2540 IF R(93)-2 OR R(93)=3 THEN P=P+l 
2550 IF SEX-1 THEN GOTO 2950 
2560 REM SCORE FOR T (FSHALE) 
2570 T _ 0 
2580 IF R(6)-2 THEN T=T+2 
2590 IF R(15)-2 THEN T=T+2 
2600 IF R(21)-2 THEN T=T+2 
2610 IF R(29)=2 THEN T=T+2 
2A?n T~ R(~n).l THFN T=T+2 
222 
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2630 IF R(32)=1 THEN T=T+2 
2640 IF R(34)=1 THEN T=T+2 
2650 IF R(36)=1 THEN T=T+1 
2660 IF R(38)=2 THEN T=T+2 
2670 IF R(4t )=1 THEN T=T+l 
2680 IF R( 43)=1 THEN T=T+l 
2690 IF R(45)=1 THEN T=T+2 
2700 IF R( 47>=2 THEN T=T+2 
2710 IF R(49)=2 THEN T=T+2 
2720 IF R( 51 )=2 THEN r=T+2 
2730 IF R<S4)=2 THEN T=T+l 
2740 IF R( 56)=2 THEN T ... T+1 
2750 IF R(60)""1 THEN T=T+2 
2760 IF R(B9)"'! THEN T=T+l 
2770 IF R(92)=2 THEN T=T+1 
2780 REM SCORE FOR F ( FB1ALE) 
2790 F = 0 
2800 IF R(6)=1 THEN F=F+2 
2810 IF R(lS)""l THEN F-F+l 
2820 IF R(21)=1 THEN F=F+2 
2830 IF R(30)=2 THEN F=F+l 
2840 IF R(32)=2 THEN F-F+l 
2850 IF R(34)=2 TH8'4 F=F+2 
2860 IF R(36)=2 THEN F=F+2 
2870 IF R(38)=1 THEN F-F+l 
2880 IF R(41 )=2 THEN FaF+1 
2890 IF R(43)=2 THEN F:aF+2 
2900 IF R(56)=1 THEN F-F+! 
2910 IF R(7Q>=1 THEN F"'F+l 
2920 IF R(73)-1 THEN F"F+2 
2930 IF R(87)=1.THEN F=F+2 
2940 GOTO 3340 
29~O REM SCORE FOR T (MALE) 
2960 T=I 
2970 IF R(6)-2 THEN T=T+t 
2980 IF R(t~)=2 THEN T=T+2 
2990 IF R(2t)-2 THEN T=T+2 
3000 IF R(28)=2 THEN TaT+2 
3010 IF R(30)-1 THEN T-T+2 
3020 IF R(32)=1 THEN T-T+2 
3030 IF R(34)"'1 THEN T=T+l 
3040 IF R(36)=1 THEN T=T+l 
3050 IF R( 38>=2 THEN T=T+2 
3060 IF R( 41 >=1 THEN T-T+1 
3070 IF R( 43>=1 THEN T-T+1 
3080 IF R( 4~)=1 THEN T=T+2 
3090 IF R(47)-2 THEN T=T+2 
3100 IF R(49)-2 THEN T=T+2 
3110 IF R(~I )"2 THEN T=T+2 
3120 IF R(54)""2 THEN T-T+1 
3130 IF R(56)-2 THEN T-T+1 
3140 IF R(60)=1 THEN T=T+2 
31~0 IF R(89)-1 THEN T-T+l 
3160 IF R(92)-2 THEN T-T+2 
3170 REM SCORE F (MALES) 
3180 F-O 
3190 IF R(6)=1 THEN F-F+l 
3200 IF R(I~)-l THEN F-F+t 
3210 IF R(21)-, THEN F-F+2 
3220 IF R(28)""1 THEN F=F+I 
3230 IF R(30)=2 THEN F-F+2 
3240 IF R( 32)=2 THEN F"'F+2 
32~O IF R(34)-2 THEN F=F+2 
3260 IF R(36)=2 THEN F-F+2 
3270 IF R(38)-1 THEN F-F+l 
-::t?An ,. IU4f ~=? TU"", a:: .. J;:+t 
p 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
3380 
3390 
3400 
3410 
3420 
34~G 
3440 
3450 
3460 
3470 
3480 
3490 
3500 
3510 
3520 
3530 
3540 
3550 
3560 
3570 
3580 
3590 
3600 
3610 
3620 
3630 
3640 
3650 
3660 
3670 
3680 
3690 
3700 
3710 
3720 
3730 
3740 
3750 
3760 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3940 
3850 
3860 
3870 
3880 
3890 
3900 
3910 
3920 
3930 
IF R(43)=2 THEN F=F+l 
IF R(S6)~1 THEN F=F+l 
IF R(73)=1 THEN F=F+t 
IF R(S7>=i THEN F=F+t 
REM SCORE FOR EI PREFERENCE. 
PRINT •• 
TYPE 1""· P 
IF I>=E THEN TYPEl .... ·t· 
I XSTART= 1 
IF I>=E THEN IXSTART=O 
EISCORE=l 
FOR IX=IXSTART TO IXSTART+33 
IF ABS(E-I)~IX THEN GOTO 3440 
EISCORE=EISCQRE+2 
NEXT IX 
PRINT TYPE1_, EISCORE 
REM SCORE FOR SN- PREFERENCE 
TYPE2S-=-S· 
IF N)=S THEN TYPEz.=-N· 
JXSTARTIIII 
IF N>=S THEN IXSTARTIIIQ 
Sf\ISCORE=t 
FOR IX=[XSTART TO IXSTART+33 
IF ABS(S-N)=IX THEN GaTO 3550 
SNSCORE~SNSCORE+2 
NEXT IX 
PRINT TYPE2$, SNSCORE 
REM SCORE FOR TF PREFERENCE 
TYPE~·T· 
IF F>~T THEN TYPE3$m-F· 
IXSTART-I 
IF F)=T THEN IXSTART-O 
TFSCORE=I 
FOR JX-IXSTART TO IXSTART+33 
IF ABS(T-F)=tX THEN GOTO 3660 
TFSCORE-TFSCORE+2 
NEXT IX 
PRINT TYPE3S, TFSCORE 
REM SCORE FOR JP PREFERENCE 
TYPE4 ... ·J· 
IF P>-J THEN TYPE4 .... ·P· 
IXSTART-t 
1 F P>=J THEN IXSTART=O 
JPSCQRE'=l 
FOR IX=IXSTART TO IXSTART+33 
IF ABS(J-P)=lX THEN GCTO 3770 
JPSCORE-JPSCORE+2 
NEXT IX 
PRINT TYPE4S,JPSCORE 
PRINT ·Strike any key 
~INKEY.~ IF AA$- •• 
LPRINT 
when printer is ready.-
THEN GCTO 3790 
LPRtNT 
LPRINT 
LPRINT 
LPRINT 
LPRINT 
LPRINT 
LPRINT ·Studen t 
LPRINT ·Sex: 
LPRINT -Biology 
LPRINT QYS 
LPRINT 
LPRINT 
Special Report Form +or Biology 110 Students· 
+or the HYers-Briggs Type Indic~tor.· 
General Biology· 
The Ohio Stat. University· 
Name·, J".tIW'1E'$ 
SEXC'$, • 10: SSNfo 
Section: • aSEe. 
LPRINT ·Your Type c.me Out,· 
~94n I PIHNT 
224 
L;-
_l ______________________________________ ~. 
~, I ..... 3950 LPRINT "--------____________________________ " 
3960 LPRINT : " 
3970 LPRINT ":" ... " 
E4$+· 1· 
• -tTYPE2$.· • + TYPE3$.+ • 
3980 LPRINT : " 3990 LPRINT "---------------____________________ _ 
4000 LPRINT 
4010 LPRINT ·Score:" 
4020· LPRINT TYPEl., 
4030 LPRINT TYPE2S, 
4040 LPRINT TYPE3f., 
4050 LPRINT TYPE4$, 
4060 LPRINT 
4070 LPRINT 
4080 FOR IX=! TO a 
EISCORE 
SNSCORE 
TFSCORE 
JPSCORE 
4090 PAT$<IX)=":----I----1----:----1----1----;" 
4100 NEXT IX 
4110 IX""t 
4120 IF EJSCORE<=2 THEN EISCORE=3: 
4130 IF SNSCORE<=Z THEN SNSCORE=3: 
4140 IF TFSCORE<=2 THEN TFSCQRE=3 
4150 IF JPSCORE<=2 THEN JPSCQRE=3 
Set valu~ to .at least 3 for 
upcoming graphics use with HIDS 
4160 IF TYPElSG"r" THEN IX=5 
4170 IF IX=I AND EISCORE>60 THEN EISCQRE=60 
4180 I F IX""! THe.! HI O$(PAT$( IX), 3t-INT< (El SCQRE-I )/2>+ 1 ,1) 
MIOS(PAT$(IX), INT«EISCORE-l)/2)+I, l)"""X· 
= ·X· ELSE 
4190 rX=2 
4200 IF TYPE2t=-N- THEN IX=6 
4210 IF IX=2 AND SNSCORE>60 THEN SNSCORE=60 
4220 IF IX-2 THEN MID$(PATs(IX), 30-INT«SNSCORE-l)/2)+1 ,1) ... ·X" ELSE 
4230 IX=3 
MIDS( PAT$( IX), tNT( (SNSCORE-l )/2>+1 ,1 ),.."X" 
4240 IF TYPE3S="F" THEN IX=7 
4250 IF IX=3 AND TFSCORE~60 THEN TFSCORE=60 
4260 IF IX=3 THEN MIOS(PATs<tX), 30-INT«TFSCQRE-l>/2)+I, J)::zzMX· ELSE 
4270 IX-4 
MID$(PATS<IX), INT«TFSCORE-I)/2)+1,1)=-X" 
4280 IF TYPE4 .... ·P· THEN IX=8 
4290 IF IX=4 AND JPSCORE>60 THEN JPSCORE=60 
4300 IF IX"'4 THEN MID$(PAT"'(IX), 30-INT«JPSCORE-l)/2)+l, l)=-X· ELSE 
MIOS(PATs(IX), INT«JPSCORE-l)/2)+l,l)="X· 
4310 LPRINT PRE FER ENe EST R ENG T H S· 
4320 LPRINT 
4330 LPRINT 
4340 LPRINT 
43~0 LPRINT 
4360 LPRINT 
4370 LPRINT 
4380 LPRINT 
4390 LPRINT 
4400 LPRINT 
." 44tO LPRINT 
LPRINT 
"E 
"S 
"T 
"J 
(----+PATS(l)+-
(---" +PAT$(2)+" 
(----+PATs( 3)+" 
<----+PAT$(4)." 
• " 
4 
0 0 0 
0" 
4420 
4430 
4440 
4450 
4460 
4470 
4480 
4490 
4:500 
4:510 
LPRINT -PointSI· 
LPRINT "E E, " J I 
LPRINT 'S " S, "N N 
LPRINT "T " T, "F F 
LPRINT "J " J, "P P 
FOR IX=1 TO 22 
LPRINT " 
NEXT IX 
GOTD 240 
-+PATs(5)+"---) J" 
"·PATs(6)+"---) N" 
-.PATS(7)+M ___ ) F" 
•• PATs( 8) + - ---) P" 
3 2 1 0 2 3 
0 0 0 0 0 0 
4 
0 
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" ... TYP 
5 
0 
b 
~ ... z· - ' .J c 
-
J 
~,~. :,'2 .::'::;' QS ="3 .-
" 
c .:: ~;§ :. Z ::.:;. '-'~I 06 '-"3 ;)<=> '-'0 ... 0 '-'0 I.J<:.I <,;0 
•• :lie -. -!II -'!j '6 -6 .~ =(3 -<OJ <eG <~ <6 <C~ «~ <~ <$ <6 «~ <C~ 
. . 
-0 -0 -0 -0 -0 -0 -0 -0 -0 -0 
Q0 00 00 00 00 Q0 00 00 00 Q0 
~'0 uG <..Ie uE) <..IE) '-.Ie u0 uG uG u0 
"'8 (II. =. ce (II. =G 100 <De'll. <ZIe 
c~ <C~ <C~ c<i <ctr~ C! t!Y<c~r(' 
... e ... e ... e ... 0 lOIe "'0 ... 8 ... e ... e ... @ 
Q0 00 Q0 00 00 00 00 00 00 00 
uE) ue ue u0 vEl ("lEI '-'6 ue 1",10 uE) 
:lie :a. =. =8 III. =e (II. (110 (II~ <1:18 
<~ <C<E <C~ <C~ <C~ c! <C~ <C! <C~ <C~ 
w@ we w@ ""e ""e ""e ""e l4Ie 141<3 ""e 
.0 .0 00 00 00 .0 00 .0 00 .0 
u®u0u®u®u®u®u®u®u®u® lIIe III. lOe ... C. 10. 100 \!lie Qle lOe 
<0 <0 c. <€I ..:0 <0 ..:. ""e <0 ""0 
_ N M • • _ ~ _ • ~
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• ~ . 
::'3 .:: :;. .:: ,:: , . =2- ':.':' , , ~' , , 
" 
<..l0 -,* '-'0 u-s -.:0.3 ..... ,:: 
-
-. 
-1iO -6 :11,-:;.1 -6 •• -6 0:0 :II .S> =. -. <6 C! <C~ <. <C~ <oj «(! <C~ <c,~ <c.~. 
• 
. -0 -0 -0 -0 -0 -0 -J ·'oC· - ~ 
: 00 00 Q0 00 00 ::0 ;:.0 02' .:. = .::.-:" 
u0 ve we <..Ie ue uG .. 0 ue. _~,_7'I 
I co. <0. to. 1ZI'@t =. ale = .. =8 =0 =8 
i «0 "'0 «€I «0 0(0 <0 «0 <!Ie ql§ <(:~.' 
!;::::~::;:: 
: I ... G..,0 .... 0 ... 0 ... e ... 0 .... e .... 8 ... e'''0 
, 00 00 00 00 00 00 .::0 =3 ::0 =2-
1-13 ue ue ue ue -13 uG u0 -0 "'0 ; CD. :lie OIIe <ZIG m. 'Ile :De =i) =~ =4!} 
I <C~ <C~ «! <, <C~ <C~ <C~ c'W <C~ «'~ 
I-e -e -e -e -e -e -0 -0 -0-·J 
100 00 00 00 00 oG 00 00 <::10 ::18 
I y@ u® y@\ t.le <..Ie uE> u@ uE> u(:) v6 I =. III. lie =@ lIIe =e aI. ale =I~ =~ 
c0 cE) c. c. c •..: • ..:0 ..:8 "0 "12' 
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StUdent Name 
Se>:: MALE 
B10logy Sectlon: 
Special Report Form for Biology 110 StLldents 
for the Myers-Briggs Type Indicator. 
General Biology 
The Ohio State University 
Winter Quarter 1988 
YO!.lr"' Type Came Out: 
Score: 
N 
F 
F' 
N 
9 
13 
7 
27 
F F' 
PRE FER ENe EST R ENG T H S 
E ~---:----:----:----1----:----:----: :---x:----:----:----l----:----:---> 
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S <---:----:----:----:----:----:----: :----:x---:----:----l----:----:---> N 
T ---: ----: ----: ----: ----: ----: ----: : --x-: ----: ----: ----: ----: ---- :'---> F 
,.J --- : ---- : ---- : ---- : ---- : ---- : ----: : ---- : ---- : --X - : ---- : ---- : ---- : --- > F' 
6 5 4 3 2 1 0 1 2 3 4 5 6 
0 <) 0 0 0 0 0 0 0 0 0 0 
Points: 
E 11 15 
S 9 N 15 
T 9 F 12 
J 7 P 20 
APPENDIX J 
COMPUTER-MANAGED INSTRUCTION STUDENT RECORD 
AND PERFORMANCE SCORE COMPUTATIONS 
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~ ~--.~--- "'~', 
STUDENT RECORD 
COll1puter-~I;,]l1aged Instruction 
------------------------.SJo:iog--mSST.ilio TOUl J HIE ON'.--"."".on'.,--'l-.'O,c,no;;,"",CO'o",,".-----------",oimoi Y'S Oirf: 
-------"5J CHARActERiSTICS 1ST lEST A[SU~IS 8EST CHARACTERISTICS BEST TEST RESUlTS--
UNI T un llC A 8 C TOT POINTS .l 8 C tOT POINTS PCT 'II~ .a. 8 c TOT POINTS I.. a C TOT POINTS pcr .. 't 
----.. ",-.--J 12 8 5 2S 34.0 8 5 .. 11 23.5 68 69 12 8: 5 25 3_.0 "II Ii 5 22 30.0 8i-8-'--
B:2 12 8 5 2S ]4.0 9 5 .. 18 24.5 12 72 n. 5 25 34,0 8 12 .. 5 21 28.0 84 82 
C 1 12 8 5 as 34.0 II Ii .. 21 28.0 ,U 82 12 81 5 15 34.0 C 11 6 .. 21 28_0 84 81 
·---1--1------1l-:--1~;-~!~g--iH-~-n~~-:g-;H; :}-:-t-n--~:~g--hH-3_{H~H~-i5--
G t 1l 8 5 25 34.0 9 :2 J U 11.0 56 S3 n 8 5 25 :U .0 G 9 1 J 14 18.0 56 53 
• fl J 12 II 5 25 34.0 .. 8 .. 16 24.0 U 71 12. 5 25 lot 0 H I 8 5 2t 30.0 84 88 
__ ~_~_1--1 12_5-5_25_34 Q 5..J-.-~:l-..JB_I:L-!5~5l---.Jl...-a 5 2'$ 14""'O~O 1 " 21--2L5--..!L..1!:L-
• .J 1 12 8 5 25 34.0 II 5 5 21 lIt.S 84 I!l4 12 • S 25 34.0 U 11 5 5 21 18.5 t .. u 
f 2 11 15 5 25 34.0 6' 2 J 11 15.0 44 44 12. 5 25 34.0 F .. 2 .3 II 15.0 44 44 
• P J 16 16 15 50 66.0 11 11 1 35 41.5 10 12 2' 16 • 50 '6.0 P 11 11 1 J5 41.5 10 12 
Total 268.5 ~ 66% 406.0 219 295.6 lr~r--
~_~.~~~ (PSI) 
UII! r 06JECliVis NOf "'AsruEO ON BEsr TESt .... flGi:U.lti~cr.ces UNIT A 8 C--
... 9 11 18 A 0.5::1.0 
___ !...B_2_J5 JLJ8 8 0 ~2...o........-
• C J II 20 29 C .0 S 2.0 
o 2 J 4 S .. 1 12 1321 u .0.5 2.0 
( ::I 1 II 9'0 II 1:1 E 1.0 L'> 2.0 
.u __ LJJ.JLI8..19 20 24 25...21L;1D G !--D-l . .-.-...LO __ 
I-l 6 a 12 11 H 1.0 I . ::I 0 
I 1 8 II 14 1 1.0 I 2.0 
,J 3 4 5 14 ,J 1.0 I 5 2.0 
__ ._!.....J_l_J... ___ ~ _..5_6_B...lO.-U..J..2.-lJ l' lOt ~2....-SL...-
• P J 4 S .. 7 II 10 P 1.0 1-5 2.0 
. __ ~~~~;~~~~~J~~~_eOjnlS___ ;~~~g_-"71J"%~·"P"S"2S)L-________________________________________________________________________________ _ 
Stlldent'S LaD Woric Point" 1.0 
Slu<lrnt's lSP/M8T1 POint" 9.0 
St,,(j<!f1t's So"'u'$ Points : J (A_l.8_0.C_O.OoO.E_O.F·O.G·O.H_O.I_O.u_2'. 
___ ._~SluaenL:S_.£OlaL.eQJD1S ____ ~_"08_'OL _____ ~~ ___ ~ __________________________________________________ _ 
:~~~~~~~~-:~~~~-~~~~~~~~-::~~~:--~~~~ 
_----L£lLtR-GRAO"'"·_,"-________________________________________________________________________ -------__________________________________ __ 
Instructions to compute point t()t~.!s_J.2ercent) 
I. Add 1st test results In ~ointg. Example: 268.S 
268.5 
2. Divide thIs figure by maximum points available. Example: ~~ 66% 
295 
). Divide student's test points (soHne a~ Best Test Results) by maximum pnints. EXiJlDple:406 eo 13% 
4. Round percent to nearest wllOle number_ 
;;:-;.--;.-;:;;-"~"~;;,,. - u~'''l.'''· U1,. .. $'-----------------------------------------------------------------
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APPENDIX K 
LISTING OF COLLEGE MAJORS 
AND GRADE POINT AVERAGES 
IN BIOLOGY 110 
231 
L I I... 
232 
MAJOR FREQUENCY PERCENT MAJOR FREQUENCY PERCENT 
60 
ACCTING 26 2.9 FRST MGT 1 0.1 
ACT SCI 2 0.2 GEN F A 1 0.1 
AG M&SYS 2 0.2 GEOLOGY 2 0.2 
AGR COMM 5 0.6 HEC-UND 27 3.0 
AGR ECON 16 1.8 HISTORY 3 0.3 
AGR EDUC 7 0.8 HLTH EDU 1 0.1 
AGR-UND 3 0.3 HORT 2 0.2 
AGRONOMY 6 0.7 HOSP MGT 19 2.1 
ANIML SC 12 1.3 HUMAN NTR 1 0.1 
ANTHROP 1 0.1 HUMN RES 3 0.3 
ARCH 2 0.2 IND TECH 1 o • 1 
ARCH-UND 4 0.4 INFO SYS 4 0.4 
ART EDUC 4 0.4 INS&RISK 1 0.1 
ASC-UND 21 2.3 INT DSGN 1 0.1 
AVIA-ASC 4 0.4 INT STDS 3 0.3 
AVIATION 1 0.1 INTL BUS 4 0.4 
BI SC ED 1 0.1 JOURNAL 9 1.0 
BIO-UNO 4 0.4 LARCH 1 0.1 
BIOCHEM 4 0.4 MARKETING 9 1.0 
BIOLOGY 10 1.1 MATH 4 0.4 
BOTANY 1 0.1 MATH EDU 4 0.4 
BRODCST C 1 0.1 MATH SCI 1 0.1 
BUS EDU 1 0.1 MCD BIO 1 0.1 
BUS-UNO 58 6.5 MECH ENG 1 0.1 
CERAM EN 1 0.1 MICROBIOL 4 0.4 
CHEM 6 0.7 MOL GEN 6 0.7 
COMMUNIC 8 0.9 MUS-UNO 1 0.1 
CONT EDU 26 2.9 MUSEDART 1 0.1 
CNTR/INF 1 0.1 MUSIC ED 4 0.4 
CRIMINOL 3 0.3 NRE-UND 1 0.1 
DAIRY SC 1 0.1 NURSING 1 0.1 
DANCE 2 0.2 ORCH INS 2 0.2 
DHY EDU 1 0.1 P&C ART 2 0.2 
ECON 1 0.1 PARK ADM 1 0.1 
ECON-BUS 1 0.1 PHARMACY 1 0.1 
EMNTL RF 3 0.3 PHYS ED 9 1.0 
EDUC 1 0.1 POLIT SC 6 0.7 
EDUC-UND 72 8.0 PRE-AAE 3 0.3 
ELEC ENG 2 0.2 PRE-AMP 32 3.6 
ELEM EDU 18 2.0 PRE-DEN 3 0.3 
ENG-UNO 5 0.6 PRE-DHY 8 0.9 
ENGL EDU 4 0.4 PRE-EE 3 0.3 
ENGLISH 4 0.4 PRE-ISE 1 0.1 
FINANCE 4 0.4 PRE-MCOM 1 0.1 
I FM RES M 3 0.3 PRE-MECE 2 0.2 
I FM&HU DV 9 1.0 PRE-MED 11 1.2 
I FRENCH 1 0.1 
PRE-MILL 1 0.1 
~ ---'.~'" 
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MAJOR FREQUENCY PERCENT 
PRE-MTEC 4 0.4 
PRE-NRAN 1 0:1 
PRE-NUR 27 3.0 
PRE-OPT 1 0.1 
PRE-PHR 35 3.9 
PRE-PT 37 4.1 
PRE-RADT 11 1.2 
PRE-RESP 1 0.1 
PRE-SWK 9 1.0 
PRE WELE 1 0.1 
PRE-OT 7 0.8 
PRECISAS 2 0.2 
PRECISEN 2 0.2 
PROD DSN 1 0.1 
PROD MGT 2 0.2 
PSYCH 13 1.5 
RCERT EL 1 0.1 
RE&UR AN 1 0.1 
REC EDUC 3 0.3 
ROMLANG 1 0.1 
RSRC MGT 1 0.1 
SLAVIC 1 0.1 
SO ST ED 2 0.2 
SOCIOL 2 0.2 
TXTUCLO 2 0.2 
UNKNOWN 142 15.8 
VSUL DSN 3 0.3 
WILD MGT 1 0.1 
ZOOLOGY 1 0.1 
============================ 
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GPA FREQUENCY PERCENT GPA' FREQUENCY PERCENT 
,;, 60 1.63 6 0.7 ;: 
t'-, 0.00 93 10.4 1.64 2 0.2 
,l: 0.23 1 0.1 1.65 1 0.1 
0.50 2 0.2 1.67 5 0.6 
0.54 1 0.1 1.68 3 . 0.3 
0.57 1 0.1 1.69 2 0.2 
0.64 1 0.1 1. 71 4 0.4 
0.67 3 0.3 1.72 3 0.3 
0.69 1 0.1 1.73 1 0.1 
0.77 2 0.2 1. 74 1 0.1 
0.85 2 0.2 1.75 2 0.2 
0.88 1 0.1 1.76 5 0.6 
0.90 2 0.2 1.77 9 1.0 
0.92 1 0.1 1.78 2 0.2 
0.99 1 0.1 1. 79 2 0.2 
1.00 4 0.4 1.80 3 0.3 
1.01 1 0.1 1.81 4 0.4 
1.06 1 0.1 1.82 2 0.2 
1. 10 1 0.1 1.83 1 0.1 
1.12 1 0.1 1.84 3 0.3 
1.13 1 0.1 1.85 2 0.2 
1.14 2 0.2 1.86 1 0.1 
1.15 2 0.2 1.87 4 0.4 
1.17 1 0.1 1.88 2 0.2 
1.19 1 0.1 1.89 5 0.6 
1.20 2 0.2 1.90 8 0.9 
1.23 3 0.3 1 .91 1 o • 1 
1.29 1 0.1 1.92 1 0.1 
1.32 2 0.2 1.93 6 0.7 
1.33 2 0.2 1.94 4 0.4 
1.36 1 0.1 1.95 4 0.4 
1.39 1 0.1 1.96 5 0.6 
1.43 1 0.1 1.97 3 0.3 
1.44 1 0.1 1.98 4 0.4 
1.46 2 0.2 1.99 2 0.2 
1.47 1 0.1 2.00 10 1 • 1 
1.49 2 0.2 2.01 4 0.4 
1.50 2 0.2 2.02 2 0.2 
1.51 2 0.2 2.03 5 0.6 
1.52 4 0.4 2.04 3 0.3 
1.53 5 0.6 2.05 3 0.3 
1.54 3 0.3 2.06 6 0.7 
1.55 3 0.3 2.07 3 0.3 
1.57 3 0.3 2.08 7 0.8 
1.58 2 0.2 2.09 4 0.4 
1.59 2 0.2 2.10 11 1.2 
1.60 1 0.1 2.11 2 0.2 
1.61 2 0.2 2.12 5 0.6 
1.62 3 0.3 2.13 8 0.9 
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GPA FREQUENCY PERCENT GPA FREQUENCY PERCENT 
3.19 2 0.2 3.86 1 0.1 
3.20 10 1 • 1 3.90 1 0.1 
3.21 1 0.1 3.91 2 0.2 
3.23 2 0.2 3.94 1 0.1 
3.24 1 0.1 3.98 1 0.1 
3.25 1 0.1 I 4.00 10 1.1 I 
3.26 1 0.1 1 
3.27 1 0.1 1================================== 
3.28 1 0.1 
3.29 2 0.2 
3.30 2 0.2 
3.31 4 0.4 
3.33 4 0.4 
3.35 3 0.3 
3.36 2 0.2 
3.38 3 0.3 
3.39 3 0.3 
3.41 3 0.3 
3.43 4 0.4 
3.44 3 0.3 
3.45 2 0.2 
3.46 1 0.1 
3.47 3 0.3 
3.48 1 0.1 
3.49 1 0.1 
3.50 1 0.1 
3.51 1 0.1 
3.52 2 0.2 
3.54 3 0.3 
3.55 2 0.2 
3.56 2 0.2 
3.57 7 0.8 
3.58 1 0.1 
3.61 3 0.2 
3.62 3 0.2 
3.63 1 0.1 
3.64 2 0.2 
3.65 1 0.1 
3.66 2 0.2 
3.67 6 0.7 
3.70 2 0.2 
3.76 1 0.1 
3.77 3 0.3 
3.78 1 0.1 
3.79 1 0.1 
3.80 2 0.2 
3.81 1 0.1 
3.82 1 0.1 
3.83 3 0.3 
3.85 2 D.2 
, 
APPENDIX L 
RATING FORM FOR COGNITIVE PROCESS ANALYSIS 
AND SAMPLE QUESTION 
237 
, 
-. 
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Rating Form for Cognitive Process Analysis 
Use check mark (~to rate each question according to 
degree to which each cognitive process is required. 
Example attached. 
COGNITIVE PROCESS (es) REQUIRED TO ANSWER THIS QUESTION 
Qu est i on I D_---<h'-'--'-I -"g'-,<!..",,---,-13>o<.-__ 
ANALYSIS 
SPATIAL 
DISCRIMINATION 
CATEGORI ZATION 
SEQUENTIAL 
PROCESSING 
MEMORY 
none 
none 
none 
V 
none 
none 
none 
some a lot 
some a lot 
V 
some a lot 
some a lot 
some a lot 
V 
some a lot 
Rater's Name 
the 
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Figure 5. Visual H-4 
e 1985 by cas CoU&Qe Pubh.'lh,nn 
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APPENDIX M 
CHARACTERISTICS FREQUENTLY ASSOCIATED 
WITH EACH MBTI TYPE 
241 
J 
.... LL 
Introverts Extraverts 
I 
I 
SIJEMOJIUI 
~ .... ------------------
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APPENDIX N 
FACTOR ANALYSIS 
SPATIAL ITEMS 
243 
-
TABLE 44 244 
THE OUTCOME OF 19 FACTOR ANALYSIS: 
LOADINGS () AND CUMULATIVE VARIANCES [l 
:. I II :':0) [.2:l) r.;S) 1.411 (.4:l1 I"''''' .oJ ;
F=~lQr'l F=~!QC2 F~~IQr~ Eg~IQC!! Eg!;;SQrS FgIiSQ~ Fe!;;tor7 
v6:(66) ,.6 1(.54) v6S( -.62) v63(.74) Y64(.79) v71 <'57) v68(.47) 
· .. 66L6:) ·,67CB2) \. 70(.71) vB8(.58) v73(68) Y 78(. 7 4) v74(.55) 
\'72(-.31) v69(15) vB3( 73) v96(B2) vB2(.eO). v8 I (.69) v84(.59) 
.,' 77( -.69) ·,eOOO) v90(.SI) v 102(.44) v 101(.80) v91 (.59) 
1'69(-.57) \·ge(. 7 4) v99( -. 73) 
\'93(-.72) 
v I 05(-.50) Manipu- Persis-
Study Time Lighting Grouping ~ 1ative ~ tence 
1.59J [.1531 1.671 (.701 [.741 r.75) [.791 
F~ctore F~ctor9 F~~torIO Fo!:;torl I Factorl2 .EectorlJ Eector14 
v25(.57) V 715(.56) v 109(.17) v79(.55) v94(.56) v 75(.53) y I (.32) 
v25(.27) V 103(.54) V II 0(.20) v67(.56) V I 00(.58) v92(.43) v2(.50) 
v27(.45) ., 108(.64) ·,112(.25) v97(.60) v104(.63) v9S('5S) v3(.37) 
1'26(.56) V 114(.34) vIOS(.48) V I 07(.38) v4(.43) 
',29(.57) . V I 15(.33) v5(.39) 
vi 16(.52) v5(.44) 
V 120(.46) 
V 12 I (.25) 
V 123(.33) 
V I 24(.S4) 
V 126(.42) Study Tm. Verbal Sequent; 
AltaI ,,'Oi<:: Mobili=v Memorv Pos!:ure Late Aft. Risk Process. 
1.621 Ul4J 1.571 l.e9) [.91 ) 
·~~tQrl ~ Fec\o,15 ·::oc\orI7 F=~lorl~ F:t;tor I 9 
V 7(,40) V II 1 (.3B) 1'30(.37) ,'31 (.40) vB9(.40) 
'I 
,.5(.58) ,. I 13(.:;e) v33(.35) v35(.40) y93(.36) I 
1'9(49) v I 17(..::3) 1'34(.38) 1'39(.36) I 
" 10(,3;) v I 22(.38) v35(.23) , 
',11('55) y 125(..;3) 1'37(,28) 
1'40(.30) 
Dis<::::i- S::ucy !!!' .. 
:::.i!1a=.ion !1e:no~ Ve::-oal-$oa;::"2.1 l..a:.e Mo-:n. 
-
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LEARNING STYLE PROFILE 
36. 
PAGE 13 
These squares will fold Into a box which is open at the top. Which lener would marl< the BOTTOM of the box? 
8 C 
A E 
o 
37. 
38. 
8 
c 
A 0 
E 
ThiS sheet of paper has hoJes punched in it. How Will the paper look after it IS folded on the dotted lines? 
0;0 
I 
I 
0
'
0 ro-- 1'--0 
I 
I 
I 
'21.0 
AD o I 
o I 
__ J 
c [J 0,...."..".... 1 00 , I I I I I I L __ -' 
I 
1 
" 
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LEARNING STYLE PROFILE PAGE 14 
39 
40. 
How many squares can you find In the shapes below? 
A. 6 8. 8 C. 10 D. 12 E. 14 
I 
i A. 9 S. 10 C. 12 D. 13 E. 14 
I I 
In 1he questions on the following page, you will read some words that you know well. As you 
read each word, notice Ihe first thing you Ihink of: 
A. Do you see a PICTURE of something? 
8. Do you hear the SOUND of the word? 
C. Do you have a FEELING about the word? 
Example: Suppose you read Ihe word "hold." You might See one football player holding 
another. In this case, you would mank A for PICTURE. Remember that it does not matter what 
you see, only Ihat the word brings some PICTURE to your mind. Or you might not see a 
picture, but understand the meaning of the word from the SOUND alone. In that case, you 
would mank 8 for SOUND. Or you might have a FEELING about the word, as If you were 
holding someone, or feeling happiness or fear. In that case, you would mank C for FEELING. 
Do not puzzle over your choices. Mank the first choice that comes to your mind for each word. 
-CHECK YOUR ANSWER SHEET-YOU SHOULD NOW 8E AT QUESTION 41-
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